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Abstract 

The present study was performed to test fertility after low dose insemination with sexed and non- 
sexed sperm in dairy cattle under field conditions in Switzerland. Spermatozoa were stained with 
Hoechst 33342 and sorted by flow cytometry. A total of 132 heifers and cows were inseminated with 
2 X lO*" X-bearing, frozen-thawed sperm (A) and 91 animals were inseminated with the same dose 
using non-sorted, frozen-thawed sperm (B). Pregnancy examination by ultrasound was performed 
twice, 30-40 days (PEl ) and 70-90 days (PE2) after insemination. The pregnancy rates after PEl were 
33.3% (9/27) and 59.3% (16/27) in heifers (P = 0.05) and 27.6% (29/105) and 28.1% (18/64) in cows 
(P > 0.05) for groups A and B, respectively. Embryonic losses between PEl and PE2 in heifers were 
11.1% (1/9) and 0% (0/16) and in cows 17.2% (5/29) and 5. 6% (1/18), the differences between groups A 
and B not being significant (P > 0.05). Calving rates in heifers were 29.6% (8/27) and 57.8% (15/26), 
whereas in cows 22. 1 % (23/1 04) and 23 .4% ( 1 6/63) gave birth to calves (for both groups P > 0.05). The 
sex ratio was different (P < 0.05) between A (85.3%) and B (58.6%). From our results it can be 
concluded that conception rates of sorted and non-sorted semen are similar using an insemination dose 
of 2 X 10*. Fertility may be increased by improving sexing technology and animal management. 
© 2005 Elsevier Inc. All rights reserved. 
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1. Introduction 

Until now, the only reliable method for separating X- and Y-chromosome-bearing 
spermatozoa is flow cytometrical cell sorting for DNA content of sperm. The first live 
offspring from flow cytometrically sorted sperm resulted from rabbits surgically 
inseminated into the oviduct [1]. From then on, offspring of pre-selected sex have been 
produced with an accuracy close to 90% in pigs [2^], cattle [5-8], horses [9,10] and 
humans [11]. Due to improvement of nozzle design [12] and adaptation to high-speed cell 
sorting [13] the efficiency of the sexing procedure has increased considerably. Accuracy of 
the desired sex ranges from 85 to 90% and sorting speed has been established at up to 
11 X 10* sperm cells/h [13]. The sexing method has also been combined with in vitro 
fertilization in pigs [2.3] and cattle [14,15]. To make sorted sperm available for artificial 
insemination on a commercial basis, experiments using low dose insemination with flow- 
sorted sperm were performed in horses [9,10], cattle [6,7], sheep [16] and pigs [4,17]. In 
addition, it is known that during sorting with the flow cytometer, dead sperm cells are not 
sorted, and therefore not loaded into straws [18]. 

To increase fertility, uterine horn insemination with sorted frozen-thawed sperm was 
tested in cattle [6]. Results of these experiments did not show a significant increase of 
pregnancy rates compared with uterine body insemination, although some authors [19] 
claim to have better results when performing uterine horn insemination with non-sorted 
sperm. Seidei et al. [6] combined sorted, liquid semen with very low dose {(1-2) x 10^ in 
0.1 mL) insemination into the uterine horn ipsilateral and contralateral to the ovary bearing 
the largest follicle. Pregnancy rates for ipsilateral and contralateral inseminations were 
nearly identical and ranged from 2.6 to 22.4%, depending on the time between the end of 
sorting and insemination as well as on the bull used. A recent study in pigs [4] shows, that 
low dose (70 x 10* spermatozoa) insemination with flow cytometrically sorted sperm deep 
into the uterine horn resulted in pregnancy rates of 45.6 and 35% for induced and 
spontaneous ovulation, respectively. In horses, hysteroscopic insemination into the uterine 
horn [10,20] and ultrasound guided deep uterine insemination [9,20] were performed using 
sex-sorted sperm in low concentrations (5 x 10* sperm cells/dose). Hysteroscopic 
insemination resulted in more pregnancies than ultrasound guided deep uterine 
insemination [10,20]. 

Reduced fertility, when using sorted sperm, has been attributed to damage of 
spermatozoa caused by the sexing process [18]. This includes staining and incubation of 
spermatozoa with Hoechst 33342, sperm dilution, exposure to high pressure and laser light, 
the rapid projection into the collection tube and also centrifugation to concentrate sorted 
sperm. After sorting, spermatozoa are partially capacitated resulting in a shorter life span 
and consequently in reduced fertilizing capacity [4]. To increase sperm quality and fertility 
of sexed sperm, Seidei et al. [21] as well as Suh and Schenk [22] showed that post-thaw 
motility and fertility were considerably higher when lower pressure was used during 
sorting. This however, reduces the sorting rate by 2-3% [22]. Embryo survival rates were 
also impaired with sorted sperm in cattle [6], pigs [4], mares [9] and rabbits [23] when 
compared with non-sorted sperm but calves produced with sexed sperm were not different 
from control calves regarding birth weight, mortality and weaning weight [24,25]. 
Furthermore no differences were observed between cows carrying calves derived from 
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sorted or non-sorted sperm when comparing gestation length, abortion rate and calving 
ease [25]. 

Since little information exists about low dose insemination with sexed sperm in 
Switzerland, the objective of the present study was to evaluate fertility in heifers and cows 
inseminated with low numbers of sexed and non-sexed frozen-thawed sperm under field 
conditions. 



2. Material and methods 

2J. Semen collection and quality control 

For this study, semen of seven bulls of different ages and breeds (five Brown Swiss, two 
Red Holstein) was collected using an artificial vagina. After collection, sperm 
concentration was determined with a spectrophotometer (Co75 Colorimeter, WPA, 
Cambridge, UK). Mass motility and progressive sperm motility were evaluated 
subjectively by phase contrast microscopy (CX 40 Olympus, Volketswil, Switzerland). 
Only ejaculates with a concentration of more than 800 x 10* spermatozoa/mL and a 
progressive motility of at least 80% were further processed. Thereafter, ejaculates were 
divided in half to produce sex-sorted sperm and non-sorted sperm. The percentage of 
ejaculates from all seven bulls fulfilling the above criteria varied between 25 and 64%. 

2.2. Flow cytometric sorting of sperm 

Sperm sorting was performed with a MoFlo® SX (Cytomation Inc., Fort Collins, USA) 
equipped with an argon laser, detectors for fluorescence and a special spermatozoa oriented 
nozzle developed by Rens et al. [12]. An aliquot of freshly collected semen was diluted in 
staining medium (modified Tyrode's albumin lactate pyruvate (TALP)) to a concentration 
of 200 X 10* spermatozoa/mL followed by staining with Hoechst 33342 for 60 min at 
37 °C. The sample was diluted in the sorting medium (TALP containing 20% egg yolk) and 
vital-staining food dye (Sigma-Aldrich, Fluka Chemie GmbH, Buchs, Switzerland) was 
added to mark sperm cells with ruptured membranes [18]. During sorting at room 
temperature (90 min), spermatozoa in the sorting medium were mixed with a Tris-based 
sheath fluid containing citric acid and fructose. Sperm cells showing fluorescence when 
excited by the argon laser passed two detectors at 90° to each other, one to diagnose correct 
orientation and the other to measure strength of fluorescence. According to the amount of 
emitted fluorescent light, the spermatozoa were given an electric charge, i.e. X-bearing 
sperm were negatively charged and attracted to the positive field on the right, while Y- 
bearing sperm as well as badly oriented spermatozoa and cells with ruptured membranes 
containing food coloring, were not electrically charged and ended in a waste tube [18]. 

Sorted spermatozoa were collected into tubes containing catch fluid (22% egg yolk- 
Tris-extender), allowed to equilibrate at 5 °C for a minimum of 90 min and centrifuged at 
85 X g for 20 min. After resuspension with Tris-based extender, concentration was 
assessed using an improved Neubauer hemocytometer and brought to the final 
concentration of 8 x 10* spermatozoa/mL by adding Tris-based extender containing 
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glycerol. The sample, with a final concentration of 6% glycerol, was kept in a cooling 
cabinet at 5 °C until packaging. The non-sorted portion of an ejaculate was diluted to a 
concentration of 16 x 10 spermatozoa/mL with Tris-based extender and then cooled 
down to 5 °C. Finally the non-sorted ejaculate fraction was diluted to a concentration of 
8 X 10* Spermatozoa/mL with Tris-based extender containing glycerol. 

2.3. Further processing and freezing 

Sorted and non-sorted sperm were packaged at the same time in 0.25 mL French straws 
(IMV, Aigle, France), each containing 2x10* spermatozoa. After packaging, straws were 
kept on freezing racks at 5 °C for 3^ h and then frozen in an automatic freezer (No. 5 109, 
Nifa Instrumenten BV, Leeuwarden, The Netherlands) and stored in liquid nitrogen at 
- 196 °C. After freezing, one straw of each batch was thawed at 38 °C for 20 s and quality 
parameters were established. Sexed semen with less than 15% progressive motility and 
control doses with less than 30% progressive motility were discarded. In addition, one 
straw of each sorted batch was sonicated and analyzed by flow cytometry to determine 
accuracy of sorting which was required to be greater than 85%. 

2.4. Artificial insemination 

Artificial insemination (AI) was performed by professional personnel, including one 
technician and five veterinarians. Animals were inseminated 12 h after the occurrence of 
standing heat and were not synchronized. Inseminators were blind to whether they were 
using sorted or non-sorted straws. Straws were thawed at 38 "C for 20 s and inseminations 
were performed into the uterine body. 

2.5. Field study 

For this study, a total of 27 heifers and 105 cows (up to lactation number 4) were 
inseminated with sex-sorted, frozen-thawed sperm (group A) and 27 heifers and 64 cows 
(up to lactation number 4) with non-sorted, frozen-thawed sperm (group B). Cows were 
between 40 and 90 days post partum. All straws used in this trial contained 2 x 10* 
spermatozoa. 

Heifers and cows of the Brown Swiss and the Red Holstein breeds were scattered on 
117 farms in different regions of Switzerland. Because of heterogeneous farm structures 
with very low numbers of animals per farm, parameters such as milk yield, body 
condition and feeding program were not recorded in this study. Problem animals, 
defined as females with impaired function of the genital tract, severe foot problems or 
systemic illness were not inseminated. Since inseminations have been performed from 
July 2002 to February 2003 seasonal influences could not be excluded. All animals not 
returning to estrus 21 days after insemination were examined by ultrasound (Tringa, 
Esoate Pie Medical, Maastricht, The Netherlands) for pregnancy 30-40 days after 
insemination (PEl). Pregnant animals were re-examined sonographically between 70 
and 90 days after insemination (PE2). Failure to confirm pregnancy at PE2 represented 
embryonic loss. Animals returning to service or not being pregnant when examined 
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30^0 days after insemination were not further evaluated. Calving ease, possible 
dystocias and sex of the newborn calves were recorded by information provided by the 
farmers. 

2.6. Statistical analysis 

Statistic analysis was performed with Stat View 5.0® (SAS Institute, Wangen, 
Switzerland). A x^-test was performed to compare rates of pregnancy, abortion and calving 
between treatments. In addition, a logistic regression model was used to analyze the effects 
of animals, bull, inseminator and treatment on pregnancy, abortion and calving. 
Differences were considered significant at f < 0.05. 



3. Results 

When analyzing fertility data of all animals including heifers and cows (n = 223), no 
significant difference (P > 0.05) could be observed between groups A and B. The 
conception rate 30^0 days after insemination (PRl) was 28.8% using sex-sorted sperm 
(group A) and 27.4% for non-sorted sperm (group B). At 70-90 days after insemination 
pregnancy rates (PR2) were 24.2 and 36.3% for sexed and non-sexed sperm, respectively 
(P > 0.05). Embryonic loss was calculated to be 15.8% for group A and 2.9% for group B 
{P > 0.05) and the calving rate was 23.5 and 33.0% for group A and B, respectively 
(P > 0.05). Given the fact that fertility in heifers is generally higher than in cows, data 
presented in Table 1 were separately analyzed for heifers and cows. 

In heifers, pregnancy rates at 30-40 days (PRl) and 70-90 days (PR2) after 
insemination were significant (P = 0.05) between groups A (33.3%, 9/27) and B (59.3%, 
16/27). Comparing pregnancy results between heifers and cows a clear difference could 
only be detected in group B (F = 0.005). In group A, one heifer out of nine (11.1%) lost its 
embryo between PEl and PE2 compared to none out of 16 in group B (P > 0,05). Calving 
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" One heifer lo.?! its embryo between PEl and PE2. 
One heifer died before calving. 

' Five cows lost their embryos between PEl and PE2 and one animal was sold before calving. 

" One cow lost its embryo between PEl and PE2 and another was slaughtered before calving. 
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rate in heifers was not significantly different (F = 0.098) between group A (29.6%, 8/27) 
and B (57.8%, 15/26). 

In cows, pregnancy rates after PEl did not differ {P > 0.05) between group A (29/105, 
27.6%) and B (18/64, 28. 1%), respectively and also for PR2 the difference between group 
A (23.8%, 24/105) and B (26.6%, 17/64) was not significant (P > 0.05). The percentage of 
embryonic loss in cows between PEl and PE2 was 17.2% (5/29) in group A and 5.6% (1/ 
18) in group B (F = 0.40) and calving rates were 22.1% (23/104) and 23.4% (15/64) for 
groups A and B, respectively (P > 0.05). 

With the exception of one bull with a significant (P - 0.04) effect on pregnancy rates of 
heifers in group B, the effects of season, breed, number of lactation (tested only in cows) 
and inseminator on pregnancy rates, embryonic loss and calving rate were not significant 
(P > 0.05). When comparing the calving rate with the PR2 in heifers as well as in cows, no 
significant difference could be detected (P > 0.05). When determining the sex of the 
newborn calves more female calves {P < 0.05) were bom in group A (29/34, 85.3%) than 
in group B (17/28, 58.6%) and more twins (P < 0.05) were bom in group A than in group 
B. Between PE2 and term no fetal malformation or abortions occurred in heifers and cows. 



4. Discussion 

Compared to Seidel et al. [7] our pregnancy rates obtained from inseminations with a 
dose of 2 X 10 spermatozoa into the uterine body were low, irrespective whether sex- or 
non-sorted sperm was used. In cows, pregnancy rates were lower than 30% and did not 
differ between groups A (sorted) and B (non-sorted) indicating that the total number of 
spermatozoa inseminated seems to be more detrimental for conception than the use of 
sexed or non-sexed sperm. This also agrees with findings of Andersson et al. [26], who 
reported significantly lower conception rates using 2x10* spermatozoa/dose compared to 
15 X 10 spermatozoa/dose. We have to take into account, that the sorted cells are not only 
sorted for sex, but are also sorted for membrane integrity, thus only vital cells are sorted. 

In heifers, using the same insemination dose as in cows, conception rate with sex-sorted 
sperm was not significantly different from cows (33.3% versus 27.6%), but was clearly 
increased when non-sorted sperm was used (59.3% versus 28.1%). In the US, Seidel et al. 
[7] reported conception rates in heifers around 50% when using sex-sorted sperm at doses 
between 0.3 and 3.0 x 10*. These results might be compared to data obtained by another 
study (unpublished data) of Big-X, Switzerland, including heifers (47%) and lactating 
cows (32%) with an insemination dose of 2 x 10^ sexed sperm. A possible cause for the 
low pregnancy rates in heifers with sex-sorted sperm in the present experiment may be the 
combination of the low insemination dose together with low post-thaw motility, the 
fragility of sorted spermatozoa and the heterogeneous management conditions including 
estrus detection, timing of Al as well as the feeding and animal health programs. This 
agrees with the work of Seidel [8] who also found low conception rates if management 
conditions were not optimal. In contrast, pregnancy rates in heifers using non-sorted sperm 
were nearly 60% corresponding with calculated results of Den Daas et al. [27] when using 
the same insemination dose of 2 x 10*. In addition, these results were found to strongly 
depend on the bull used for insemination. Therefore, caution must be applied when 
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interpreting our results with non-sorted sperm in heifers as one bull clearly influenced 
pregnancy rates of heifers in group B. The strong influence of individual bull fertility has 
also been confirmed by Seidel et al. [6]. 

Regarding embryonic loss between PEl and PE2, the percentages in cows and heifers 
were higher when using sex-sorted sperm (17.2% versus 11.1%), than non-sorted sperm 
(0% versus 5.6%). These values, however, are lower when comparing to findings of Seidel 
et al. [6] who reported 23% of abortions between 1 and 2 months of gestation using sexed 
liquid sperm in heifers. The increased abortion rate during the first 2-3 months of gestation 
may be caused by fi-eating sperm with DNA-binding fluorescent stain and damaging 
spermatozoa during flow cytometry. This hypothesis, however, has to be confirmed in 
future studies using a larger number of animals. Interestingly enough, abortions after three 
months of gestation or malformations in newly born calves were not observed in our study 
as well as in other studies [6,24,25] and a recent study including large numbers of animals 
inseminated with sorted semen reported abortion rates between 2 months of gestation and 
term of 4 and 2.4% for female and male calves, respectively [25]. 

According to Seidel et al. [7] higher conception rates were obtained when inseminating 
3 X 10^ spermatozoa compared to 1.5 x 10* spermatozoa/dose under heterogeneous field 
conditions. Den Daas et al. [27] calculated that for most bulls, tiie limiting sperm 
concenfi-ation to obtain around 80% of the normal conception rate is around 2x10* sperm 
cells/dose. Whether this is also applicable on flow cytometrically sorted sperm needs to be 
determined. In pigs [4] pregnancy rates of 45.6 and 54.3% were recorded with 70 x 10^ 
and 140 x 10 sexed spermatozoa in combination with deep uterine insemination. In 
horses [20], the limiting sperm concentration is considered to be around 5 x 10^ 
spermatozoa/dose, if either hysteroscopic or deep uterine insemination techniques are 
applied. Comparing data across species, it seems that in the bull a dose of (2-3) x 10* 
spermatozoa is too low to obtain pregnancy rates around 80% of the normal. 

As expected, the percentage of female calves born in group A was significantly 
{P < 0.05) higher than in group B which clearly demonstrates that flow-cytometric sorting 
of semen is a reliable method for sex pre-selection in the bovine. 

From our field study, we can draw the conclusion that conception rates are similarly low 
when using sorted and non-sorted semen at doses of 2 x 10* spermatozoa. We therefore 
suggest that fertility may be increased by selection of sires, improving the management of 
the female as well as optimizing the sorting process, cryopreservation and ±e insemination 
technique. For correct insemination time intense estrus control without or with facilitating 
devices, such as electronic mounting detectors [28] is required. This seems to be very 
crucial, especially when using sex-sorted spermatozoa, which are known to be partially 
capacitated before insemination and thus may negatively affect fertilization success 
especially when insemination time was inappropriate. Ranking et al. [29] investigated the 
periovulatory events in dairy heifers over three years and found that the time interval 
between onset of estrus and ovulation had a significant effect on conception rate. Walker 
et al. [30], using an electronic mounting detection system reported that ovulation takes 
place within 27 h after observation of first mount. To facilitate optimal insemination time, 
esti-us synchronizing protocols should be tested in combination with sex-sorted sperm [31]. 
Another important point influencing semen quality and conception results is the system 
pressure during flow-sorting, which has not yet been adjusted to the improved and lower 
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level of 30 psi [22]. FolJowing the sorting procedure, an optimal cooling rate at freezing 
[32] and careful handling of frozen semen by inseminators [33] are also necessary. 
Improvement of deep uterine insemination techniques with modem flexible catheters to 
bring spermatozoa closer to the functional sperm reservoir in the caudal portion of the 
Fallopian tube should be the goal of future experiments [34]. This, however, requires also 
the necessity for adequate training of veterinarians and AI technicians. 

In summary, from our data it can be concluded that conception rates between sorted and 
non-sorted semen inseminated at doses of 2 x 10* are similar. Fertility may be increased by 
improving several factors such as careful selection of AI bulls, accurate estrus detection 
and time of insemination as well as optimized semen processing, handling and 
insemination technique. 
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Production of lambs of predetermined sex after the insemination of ewes 
with low numbers of frozen-thawed sorted X- or 
Y-chromosome-bearing spermatozoa 
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Abstract. The fertilizing ability of sex-sorted frozen-thawed ram spermatozoa was assessed after insemination 
of mature Merino ewes at a synchronized oestrus. Ewes were iaseminated into the uterus or utero-tubal junction 
(UTJ) witii a total of 140 x 10* unsorted (control) or 2-4 x 10* sorted (X or Y) firozen-liiawed ram spermatozoa 
54 to 57 hours after removal of piogestagen-impregnated pessaries and an injection of 400 lU of pregnant mare 
serum gonadotrophin (Folligon®, Intervet). The spermatozoa were separated into X- and Y-chromosome-bearing 
spermatozoa after analysis with a modified high-speed cell sorter (SX MoFlo*). The number of ewes pregnant after 
insemination with unsorted frozen-tiiawed spermatozoa was significantiy higher (26/48; 54.3%) than for ewes 
inseminated with either X- (12/48; 25.0%) or Y-sorted spermatozoa (7/48; 14.6%) (i'<0.05). Seventeen of the 
eighteen lambs produced by ewes inseminated with X-sorted spermatozoa were female (94.4%) and 8/8 Iambs fiom 
ewes inseminated with Y-sorted spermatozoa were male (100%). The sex ratio of the lambs bom to ewes 
inseminated with sex-sorted spermatozoa was significantiy skewed fipom die 51 .3% male and 48.7% female ratio in 
die control group (P<0.05). This study showed, for the first time, that lambs of predicted sex can be produced after 
insemination with low numbers of sex-sorted cryopreserved ram spermatozoa. 



IntroductioD 

The predetermination of the sex of offspring using sperma- 
tozoa separated by fluorescence differential sorting has been 
achieved in several species (Johnson 2000). Successful 
cryopreservation of sorted spermatozoa and subsequent 
production of offspring after artificial insemination has only 
been reported in cattie (Seidel et al. 1999) and horses 
(Lindseyeffl/. 2002) 

The commercial application of sex predetermination 
using sorted sperm has been made possible in cattle 
following the development of mediods for successfidly 
fi-eezing and thawing the sorted spermatozoa (Schenk et al. 
1999). Similar applications in the sheep industry are yet to 
take place, since only a few lambs have been produced fi-om 
fi^sh (unfixtzen) sorted spermatozoa (Catt et al. 1996; Cran 
era/. 1997). 

The aim of the present study was to examine die 
fertilizing ability of sorted frozen-tiiawed spermatozoa after 
the insemination of low numbers into eidier the uterus or 
utero-tubal junction (UTJ) of ewes at a synchronized 
oestrus. 

Materials and methods 

Animal.'! and experimental design 

One hundred and forty-four mature Meimo ewes were randomly 
allocated into three treatment groups. Inseminations were carried out 



early in the breeding season, in February 2001, at a commercial sheep 
farm located in the southern highlands of New South Wales, Australia. 
Ewes were maintained on pasture but were also provided with supple- 
mentary feed in the form of lupin grains and hay jtist prior to 
insemination and for 4 weeks before and during lambing. The time of 
oestrus and ovulation was controlled by progestagen-impregnated 
intia-vaginal pessaries (40 mg Chronogeat *, Intervet, Bendigo, Vic- 
toria) inserted for 12 days. At sponge wididiawal, all ewes received a 
single intramuscular injection of 400 lU of pregnant mare serum 
gonadotrophin (PMSG, Folligon*, Intervet) to enhance their ovulatory 
response. 

Preparation of spermatozoa for sorting 

Semen was collected by artificial vagina from two Kferino rams 
(Ram 1, Ram 2) during January and February 2001, The concentration 
of spennatozoa was determined by haemocytometer and motility was 
determined by subjective assessment (Evans and Maxwell 1987). Only 
ejaculates containing spermatozoa with forward progressive motility 
greater than 80% were used. Spermatozoa were diluted to a concen- 
tration of 400 x 10* mL-' with a modified TALP medium PCY TALP; 
Schenk et al 1999). Each 2 mL sample was incubated with either 
355.9 |iM (Ram 1) or 31 1.4 jiM (Ram 2) of Hoechst 33342 (H33342; 
Sigma, St Louis, MO, USA) for 1 h at 34°C. The coocenttation of dye 
for each ram was determined by a series of optLmizatioo experiments. 
After 1 h incubation, stained samples were diluted slowly with 2 mL of 
filtered XY TALP containing 4% egg yolk (v/v) and 0.002% food dye 
(FD&C #40,Wanier Jenkinson Company Inc., St Louis. MO, USA) to 
200 X 10' spermatozoa mL"'. The food dye quenches the intensity of 
fluorescence of the dead sperm in the sample by penetrating their 
membranes. Therefore only viable sperm are selected for sorting 
(Johnson et al. 1999). Immediately before sorting, samples were 



© CSIRO 2002 



10.1O71/RriO2O34 1031-3613/02/080503 



F. K-Hollinsheade/a/. 



filtered through a 40-\m nylon mesh filter to remove ai^ agglutinaffid 
qiemiatozoa or debris. 

Flow cytometric sorting 

A high-speed cell sortEr (SX MoFlo®, Cytomation Inc., Foit Collins, 
CO, USA) modified for sperm sorting {Johnson and Pinkel 1986; Rens 
et al. 1999), operating at SO pa with a pte-watmed IVis-based sheath 
fluid (Scbenk et al. 1999), was used to analyse and separate the 
spermamzoa. The fluorescent dye was edited by an argon laser running 
at 350 mW. Gates were set duiing sortii^ so that purities of greaierthan 
90% X- or Y-chTomosome-faeahng spermatozoa were achieved Average 
flow rates during the experiment, which varied acccading to ram and 
ejactilate, weie 20000-25000 events s'' and the average sorting rates 
(which also varied with ram and ejaculate) for each of X- and 
Y-chromosome-bearing spermatozoa were 4000-5000 spermatozoa s"'- 
Putative male and female spermatozoa were collected simultaneously 
into 10-mL centriiuge tubes, pre-soaked with 1% BSA in TRIS sheath 
fluid, containing 1 mL of warm, filtered XY TALP and 20% egg yolk 
(v/v). Each sample was sorted for 30-60 min (depending on die flow 
and sorting rates) to achieve a total yield of 16 million (8 million of 
each sex) spermatozoa in 8 mL of sheath fluid (2.5% egg yolk, v/v). 

Reanalyais of xorted spermatozoa 

At the completion of each 30-60-min sort, 200 000 X- and Y-chromo- 
some-bearing spermatozoa were collected, processed and analysed as 
described by Welch and Johnson (1999) to provide an estimate of the 
purity of each sort and a prediction of the proportion of male and 
female lamb ofifepring. 

Freezing, thawing and assessment of sorted spermatozoa 
Sorted ^jermalozoa were centriiiiged at 700g for 6 min at SCC and the 
80-ijL pellet was resuspended 1 :4 (sperm pellet: diluent, v/v) in either 
(i) TEST buffer containing 20% egg yolk (v/v) (Johnson et al. 1989) 
and 3% glycerol (TBY; v/v) or (ii) zwitterion-buffered diluent contain- 
ing 13.5% egg yolk and 6% glycerol (ZWIT; Molinia et al. 1996). 
Separate ejaculates were collected &om each ram as control samples 
and were diluted 1 :4 with TBY or ZWIT. Bodi sorted (X-sorttd, 
Y-soTttd) and unsorted (control) samples were cooled to 4-5°C in 
1.5 hours and then frozen as 0.2-raL pellets on dry ice (Evans and 
Maxwell 1987) befiire being transferred to liquid nitrogen for storage 
until use. TWo pellets (Hepared fix«n the same ejaculate were thawed in 
a dry test tube shaken in a water bath at 37°C and used for insemination 
within 10 min of thawing. Motility was immediately assessed and 
recorded after thawing, and slides were made for the assessment of 
acrosome integrity by fluorescent isothiocyanate-conjugated peanut 
agglutinin (FfrC-PNA) staining as described by Cross et al. (1986). 

Artificial insemination 

Inseminations were carried out 54-57 h after withdrawal of progesta- 
gen sponges. All ewes were fasted for 12 h before insemination and 
local anaesthetic (2% Lignocaine, Troy Laboratories, Smithfield, New 
South Wales, Australia) was injected at the site of abdominal puncture. 
Intrauterine inseminations weie conducted by laparoscopy in 81 ewes 
as described by Evans and MaxweU (1987) and 0.1 mL of thawed 
semen was deposited into the lumen of each uterine horiL Utero-^tubal 
junction inseminations were carried out in 63 ewes using a disposable, 
3.5 ftench, 11.4 cm tom cat catheter (Sovereign* Sherwood Medical, 
St Louis; MO, USA). After mini-iaparotomy, a smafl puncture was 
made in the tip of the uterus, and the catheter was passed up to the UTJ, 
where 0. 1 mL of thawed semen was deposited into each UTJ. A total of 
140 X 10^ spermatozoa per ewe, a conomercial artificial inseminadon 
dose, was inseminated into 48 ewes in the control group (27 intra- 
uterine and 21 UTJ) and between 2 and 4 x 10* total sorted spermato- 



zoa were inseminated into each of the 48 ewes in the X- (26 intrauterine 
and 22 UTJ) and Y- (28 intrauterine and 20 UTJ) sorted groups. 

Pr^nancy diagnosis 

Ji^ular blood samples were collected fiom each ewe on Day 18 after 

determined with a commercially available radioinunuixmsay kh 
(Spectra; Orion Diagnostics, Helsinki, Finland). Ewes with progester- 
one concentrations greater than 1.2 ng mL~' were considered pregnant 
(Robertson and Sarda 1971). All ewes were scanned by ultrasound for 
detection of fetuses on Day 60. PiegnaiKy loss in ewes was calculated 
as (tbe number of ewes jnegnant at Day 18 - the nundier of ewes 
pregnant at Day 60)/the number of ewes pregnant at Day 18. 

Lambing 

After Day 60, pregnant ewes were placed in sheltered paddocks and put 
on an increasing plane of nutrition leading up to and during lambing. 
One week before the commencement of lambing, each ewe insemi- 
nated with sen-sorted spermatozoa was housed in a separate pen in the 
shearing shed and was observed 24 h a day until the end of lambing. 
Every lamb bom was weighed with a set of calibrated band scales, 
identified for sex and ear tagged within 6 h of birth. 

Statistical analysLt 

Data on pregnancy toss and pre^iancy rate in ewes and the effect of 
lam and insemination site were analysed by logistic regression using 
the GENSTAT computer progiam (Version 4.2) (Numerical Algo- 
rithms Group* (NAG) Ltd, Oxford, UK). Lamb weight, post-thaw 
modUty and acrosome status were analysed by ANOVA and logistic 
regression using GENSTAT- Proportional data for the sex ratio and 
re-sort analysis values were analysed by the chi-square test and the 
two-sample (-test respectively. 

ResulU 

Post-thaw motility and acrosome integrity of spermatozoa 
There was no significant difference in the post-thaw motility 
of control (unsorted), X-sortcd and Y-sorted samples. The 
pensntage of motile spermatozoa (± SEM) after fliawing 
was 46.2 i 0.8%, 46.3 ± 1.0% and 42.3 ± 0.9% for control, 
X-sorted and Y-sorted samples respectively. Freezing diluent 
and ram also had no effect on the post-thaw motility or 
acrosome integrity of spermatozoa. 

Sorted frozen-thawed spermatozoa had significantly 
more intact acrosomes aflfir thawing than imsorted frozen- 
thawed (control) spermatozoa (/'<0.001). The incidence of 
intact aciDsomes after Aawing was 80.6 ± 1 .0%, 92.9 ±0.5% 
and 91. 1 ± 0.6% for control, X-sorted and Y-sorted samples 
respectively. Sorted samples from Ram 2 had significantly 
less spermatozoa with intact acrosomes (86. 1 ± 0.9%) after 
tfiawing than Ram 1 (90.1 ±0.79%) (/«<0.001). 

Pregnancy rate 

Data on pregnancy at Days 18 and 60 are presented in 
Table 1. 

Ewes inseminated with 140 x 10* unsorted fi?ozen- 
ihawed spermatozoa (control) had a higher pregnancy rate at 
Day 60 (54.2%) than ewes inseminated widi either 2-4 x 10' 
X- (25.0%) or Y-sorted spermatozoa (14.6%) (/'<0.05). 
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Tabic 1. Pregnancy loss between Day 18 and E>ay 60 after artlfidal insemination of ewes with 
control and sex-sorted frozen-thawed spermatozoa 



Type of semen 


idsemioated 


No. pregnant at 
Day 18 (%)* 


No. pregnant at 
Day 60 and 
lambing (%)= 


Pregnancy loss'^ 


Control 


48 


34(70.8)' 


26(54.2)' 


23.5 


X 


48 


21 (43.8)* 


12 (25.0)'" 


42.9 


Y 


48 


15 (31.3)'' 


7(14.6)" 


53.3 



^Determined by progesterone assay. 
^Determined by ultrasound. 

^(So. ewes pregnant at Day 1 8 - no. ewes pregnant at Day 60)/No. ewes pregnant at D^ 1 8) X 100. 
Within columns, values with different superscripts differ significantly (iM).05). 



There was no significant difference in pregnancy rate at 
Day 60 between ewes inseminated widi either X- or Y-sorted 



The site of insemination and fi-eezing diluent had no 
significant effect on die proportion of ewes pregnant and 
there were no significant interactions between the treat- 
ments. The pregnancy rate for Ram 2 (1 7/72) was lower than 
for Ram 1 (28/72), though overall there was no statistically 
significant difference afler analysis by logistic regression. 

Pregnancy loss 

The overall pregnancy loss estimated firom Day 1 8 to Day 60 
after insemination for the flock was 38.6 ± 9.60%. There was 
no difference in pregnancy loss for ewes inseminated with 
unsorted control spermatozoa compared with X- or Y-sorted 
spermatozoa (Table 1). There was also no ram effect on the 
pregnancy rate within die flock. 

Lambing rate 

The number of ewes lambing, number of lambs bom and sex 
of the lambs are presented in Table 2. 

All lambs were bom between Days 148 and 153 of 
gestation. There was no pregnancy loss between ultrasound 
pregnancy diagnosis at Day 60 and lambing. The number of 
lambs bom per ewe lambing was similar after insemmation 
with unsorted and sorted frozen-thawed spermatozoa. 



Sex ratio 

Twenty-five of the 26 lambs bom firom ewes inseminated 
with sex-sorted spermatozoa were of the predicted sex. 
There was a statistically significant di%rence in the sex of 
the Iambs bora firom ewes inseminated with sorted X- 
(94.4% female) and Y- (100% male) chromosome-bearing 
spermatozoa compared with unsorted spermatozoa (51.3% 
male and 48.7% female; i*<0.05). The proportion of male 
Iambs bom to ewes inseminated with Y-sorted spermatozoa 
and the proportion of female lambs bom to ewes insemi- 
nated widi X-sorted spermatozoa was indistinguishable 
firom the re-sort analysis values obtained after each sorting 
session (Table 2). 

Lamb weights 

The mean birtfaweights for the Iambs in both the sorted and 
control groups are presented in Table 3. Lambs in die control 
group had similar birdiweights to Iambs from ewes insemi- 
nated with X- or Y-sorted spermatozoa. Only the number of 
lambs bom per ewe had a significant effect on the birth- 
weights. Triplet or twin-bom lambs had significantiy lower 
birtiiwei^ts than single Iambs (P<0.05). 

Discussion 

This is the first report of the birth of lambs after insemi- 
nation with low numbers of sex-sorted firozen-thawed 



Table 2. Lambing al 



n of ewes with control and sex-sorted frozen-tiiawed spermatozoa 



Number of lambs 



Sex ratio of lambs (%) Sex ratio of sperm {%) 



Inseminated 


Lambed (%) 


Bom{%) 


Bom/ewe lambing 
(±SEM) 






Control 48 


26' 


39* 


1.5±0.11 


20:19" 


S0.0» 




(54.2) 


(813) 




(51JM:48.7F) 


(expected-not tesBd) 


X 48 


12). 


18* 


1.5 ±0.19 


1:17* 


90.8 ±0.15* 




(25.0) 


(37.5) 




(94.4 F) 


X 


Y 48 


7b 


8*( 


1.1 ±0.14 


8:0* 


94.2 ±0J1* 




(14.6) 


16.7) 




(100.0 M) 


Y 



Within columns, values with different superscripts differ significantly (P<0.05). 
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spennatozoa. The present study demonstrates that ram 
spennatozoa are capable of fertilization after being sex 
sorted and cryopreserved. it also shows that offspring of the 
predicted sex can be produced after insemination of only 
1-2 X 10* motile (2-4 x 10* total) sex-sorted spermatozoa 
into die uterus by a standard commercial artificial insemina- 
tion technique. The overall pregnancy rates obtained in tiiis 
study were inexplicably low (54% control, 25% X-sorted 
group; 15% Y-sorted group) compared with pregnancy rates 
achieved by commercial artificial insemination programs 
(72%; Hill et oL 1998), though this may have been related to 
die relatively low fertility of one of the rams used. The 
pregnancy rate obtained for ewes inseminated with sorted 
fi^ozen-thawed spennatozoa was less dian half that of the 
controls. This may be a result of die low numbers of motile 
spermatozoa inseminated and/or the dming of insemination 
m relation to ovulation, as discussed below. 

Fertilization rates are usually 20-30% lower after insemi- 
nation with frozen-tiiawed than with fi^sh spennatozoa 
(Maxwell et al. 1993). The results of the present study 
suggest that spennatozoa diat have undergone both sorting 
and cryopreservation may have lower fertilization rates than 
those that have only been firozen-thawed. However, it was 
not possible to distinguish between fertilization failure and 
embryonic loss in the present study, because egg fertiliza- 
tion rates were not determined. The low pregnancy rates 
obtained in diis study may have been a result of die low 
numbers of spermatozoa inseminated, since die post-thaw 
motihty of spermatozoa was similar for all treatment groups 
and the post-diaw acrosome stams was higher for sorted 
fiian for unsorted spennatozoa. 

There have been limited reports on die min i mum 
nimibers of fipesh or fipozen-thawed sorted spermatozoa 
required for effective fertilization after btrauterine or 
oviducal inseminatioa in sheep. In our study, die overall 
pregnancy rate for both the X- and Y-sorted groups was 20% 
after insemination of 2-4 x 10* sorted fiiozen-fliawed 
spermatozoa into eitiier die uterus (26%) or UTJ (12%). 
Cran et al. (1997) reported the birth of six female lambs 
(including one set of twins) after die insemination of 
25 ewes with 1 x 10' fresh X-sorted spermatozoa mto the tip 
of the uterine horn. The minimum intrauterine insemination 
dose recommended by die sheep mdustry for frozen-thawed 
spermatozoa is 20-25 x 10* motile spermatozoa (Evans and 
Maxwell 1987). Results from several smdies investigating 



die minimum effective intrauterine and/or oviducal insemi- 
nation dose for fresh or frozen unsorted spermatozoa have 
been variable (reviewed by Evans 1988). These reports 
suggest that the insemination dose used m die present study 
was too low and diat a dose in excess of 2-A x 1 0* sex-sorted 
frozen-thawed spermatozoa might be required to achieve 
pregnancy rates closer to commercially acceptable levels. 

Insemination of spermatozoa closer to the site of fertili- 
zation generally yields higher fertihzation and pregnancy 
rates dian inseminations carried out in the lower reproduc- 
tive tract. This is particularly true when die inseminate dose 
is low or frozen-thawed spermatozoa are used (Jabbour and 
Evans 1991; Maxwell et al 1993). However, in die present 
study, diere was no significant difference found between 
insemination into either the uterus or UTJ with eidier sorted 
or unsorted fix>zen-thawed spermatozoa. Maxwell (19866) 
suggested that die manipulation of die reproductive tract, 
which was necessary to inseminate into either the tip or base 
of the uterine horns, contributed to lower lambing rates than 
insemination into the middle of die uterine horn, which 
required minimal manipulation. Thus, pregnancy rates in die 
present study may have been compromised in ewes insemi- 
nated into the UTJ owing to the additional handling and 
manipulation of the upper reproductive tract compared witii 
the simpler intrauterine insemination procedure. 

In the present study ewes were inseminated 54-57 h after 
progestagen sponge removal. Previous studies have demon- 
strated higher egg fertilization and lambing rates vibea 
insemination of frnzen-dtawed spermatozoa occurred 
before, radier than after, ovulation (MaxweU 1986a). The 
median time of ovulation in ewes after synchronization of 
oestrus (widi a progestagen sponge and PMSG) has been 
reported to be between 58 and 61 h (Maxwell 1986a). It may 
be diat inseminations between 54 and 57 h were performed 
too early, relative to ovulation, and that the pregnancy rates 
for both UTJ and intrauterine inseminations could have been 
increased by inseminating just after ovulation at 60-64 h 
post sponge removal. Maxwell (1986a) and Eppleston et al. 
(1986) reported higher fertilization and lambing rates in 
non-supetovulated ewes inseminated with finozen-tfaawed 
spermatozoa at 60 h compared with 48 h after sponge 
removal. This timing avoids the manipulation of the tract 
around die time of oviUation, which might interfere with 
ovum pick-up. In addition, die changes that occur in the 
oviduct after ovulation allow spermatozoa to pass imme- 



Table 3. Mean (± SEM) birthweights of Iambs and number of lambs bom after insemination of ewes with control and sei-sorted 
frozen-thawed spermatozoa 



Type of semen Single Twin Triplet 

Female (no. lambs) Male (no. lambs) Female (no. lambs) Mate (no. lambs) Female (no. lambs) Male (no. lambs) 

Control 5.0±0.19kg{9) 4.5 ± 0.25 kg (5) 3.7 ±0.18 kg (10) 3.9 ±0.15 kg (12) - 3.4 ± 0.53 kg (3) 

X 5.4 ±036 kg (6) 4.6 ±0.00 kg (I) 3.1 ± 0.19 kg (8) - 2.5 ± 0.41 kg (3) 

Y - 5.1 ±0.26kg(6) - 4.0±0.0kg(2) 
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diately ttirough the UTJ into the isthmus (Hxinter et al. 
1982). Given adequate capacitation conditions, these 
spennatozoa would participate in fertilization eariier than 
those deposited before ovulation, thus reducing the potential 
for embryonic loss associated with aged spennatozoa. This 
is particularly important '«^en using &Dzen-thawed sperma- 
tozoa, which have approximately half die lifespan of fresh 
spennatozoa in vivo (reviewed by Salamon and Maxwell 
1995; Gillan and Maxwell 1999). The capacitation status of 
die sorted frozen-thawed spennatozoa could not be deter- 
mined in this study owing to quenching of chlortetracycline 
by the Hoechst stain used for determination of DNA 
content. A high proportion of die sorted spermatozoa were 
acrosome intact, as determined by FITC-PNA staining, but 
may have been capacitated, and thus have a short lifespan in 
die female reproductive tract Therefore, timing of insemi- 
nation relative to ovidation may also be an important 
influence on pregnancy rate. 

For inseminadon to occur just after ovulation, the average 
time of ovulation in the flock needs to be detennined. 
Walker et al. (1989a} and Eppleston et al. (1991) reported 
considerable variation in die time of ovulation in ewes 
synchronized with progestagen sponges and PMSG, with 
ovulation reported to vary over more dian a 24-h period. 
However, when gonadotrophin-releasing hormone (GnRH) 
was incorporated into the synchronization regime, die 
period over which ovulation occurred was reduced to less 
dian 12 h, depending on the time of GnRH injection after 
sponge removal. Despite the increase in synchrony of 
ovulation following die use of GnRH, diere have been few 
reports of increased fertility after insenunation with frozen- 
diawed semen (Maxwell 1986a; Walker et aL 19896; 
Eppleston et al. 1991). However, an increased precision of 
die time of ovulation, and of insemination relative to 
ovulation, may play a more crucial role in obtaining 
satisfactory fertility after the use of sorted frozen-thawed 
spennatozoa, because the fertile lifespan of diese cells in die 
fbmale reproductive tract may be very short. 

Embryonic loss in sheep is high even after naUual 
insemination (Edey 1976). In the present study, die overall 
pregnancy loss between Days 18 and 60 (38.6) was not 
greater than that reported in ewes inseminated with fresh or 
frozen-thawed spermatozoa by odier woikets (e.g. Salamon 
and Maxwell 1995). In contrast to the pregnancy rate 
findings, there was no difference in pregnancy loss betvreen 
die unsorted and sorted treatment groups. However, without 
fertilization data, we cannot say that normal embryonic 
development occurred after fertilization of oocytes with 
sorted frozen-diawed spermatozoa. M vitro studies in catde 
(Lu et al. 1999) have shown similar fertilization rates but 
lower blastocyst rates (70%) widi in vitro matured oocytes 
inseminated widi sorted frozen-diawed spermatozoa com- 
pared with unsorted frozen-thawed spennatozoa. In trials 
involving the insemination of 1000 heifers with sorted 



frozen-diawed spermatozoa and unsorted frozen-tfaawed 
spennatozoa (Seidel et aL 1999), the overall pregnancy rate, 
(tetermined by ulQ:asound, for heifers inseminated with 
sex-sorted frozen-thawed spermatozoa was 70-90% of 
those inseminated with unsexed frozen-diawed spermato- 
zoa. Sunilariy, in the present study, diere was no significant 
difference in pregnancy loss between the two insemination 
groups. However, because no fertilization or early embry- 
onic data were collected, fiirther in vivo studies would need 
to be carried out to determine fertilization rates and early 
embryonic loss potentially associated with sex-sorted 
frozen-thawed spermatozoa. It is more likely that the 
insemination of inadequate numbers of frozen-thawed 
sorted spermatozoa, either too early or too late relative to 
ovulation, contributed to tile low fertilization rate. 

The number of lambs bom per ewe lambing was similar 
for ewes inseminated widi Y-or X-sorted spermatozoa and 
control unsorted frozen-diawed spermatozoa. All of the 
lambs bom from ewes inseminated with Y-sorted fiozen- 
thawed spermatozoa were male and 94.4% of the lambs bom 
to ewes inseminated widi X-sorted frozen-thawed sperma- 
tozoa were female. This skewing of the sex ratio fiom the 
control, and expected, 50:50 ratio has been demonstrated 
previously in several species (reviewed by Gamer 2001). 
The re-sort purity analysis values for spermatozoa obtained 
at the end of each sorting session were not signiflcantly 
different from the observed sex proportions of the of^pring 
produced by ewes inseminated with sorted spermatozoa. 
This supports previous findings by Welch and Johnson 
(1999) that re-sort analysis is a valuable tool for predicting 
the sex of offspring or the sex ratio of a given population 
after insemination with sex-sorted semen. 

In conclusion, this study has demonstrated it is possible 
to obtain pregnancies witii low numbers of sorted frozen- 
thawed ram spermatozoa using commereial artificial insem- 
ination techniques. However, the overall pregnancy rate for 
ewes inseminated with low numbers of sorted frozen- 
thawed spennatozoa was less than fbr ewes inseminated 
with commereial numbers of unsorted frozen-thawed 
spermatozoa. Further investigation is needed to determine 
the minimum effective dose of sorted frozen-thawed 
spermatozoa required to obtain commercially acceptable 
pregnancy rates. In addition, the optimum time to insemi- 
nate ewes relative to die time of ovulation remains to be 
detennined. Overall fertility results are most likely to be 
improved by increasbg the insemination dose. However, 
constraints on die number of spermatozoa that can be 
practically sorted should encourage further research on the 
control of the time of ovulation. 
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SUCCeSSFOL LOW-DOSE mSEMINAnON BY A HBEROPnC 
EKDOSCC^ TECHNIQUE IN THE SOW 

EJL MiBtmez, m Vag^JI. Vazqo^ 

Dqnrtment of Animal P&dSogy.UnKei^ofl^^ 

A hrgB vohnne insenniiation dose contaiomg a hrge mmaiKr of apenBatozoa (2,000- 
3,000 milKcnO is reconmoded to adaeve good ftttiBcy tesiiks ia sows. Ifowewa; it is Icnown 
dut only 10 milSon spmnatozoa are gifli^few to olxaui acceptt M e piegiiaucy laies viin semen 
is mtroduced smi^caQy mto the utaotubal jmction. SeoeBdjr. we have dei^eloped a fiberaptie 
endoscope tedimqiie £» deep utenoe bom invaniiutfiftq as dose as posnble to the uteroOdbel 
junctiaii, wi&oitt sedation of the finnV* With this tedaiiijiie^ it is j*'Tf fl Prlf to pass the cetvical 
caoalaad ieadidiBdq)thofo]iB«ieirofaomin3-7miiiasboat90%oftfaBsows. 

The otyectfve of this stuify was to detenome die afibctiveness of BsenuBSnig sows wiilr 
low Qundwrs of spennatozoa a fiberoptic endoscope tedniiiue onder fidd condbkms. 
Three sexuaSyHoaatuie byfarid boais of proven ffartOitjr aad w& satisfintoiy semeD 
dmacteristics in the 10 wk ptctedmg caqxrimcot woe selected as i in ii donnri. 
Immediatdy after collection, sperm-rich flaedons of qarnhrw were dihited to 1.000 auBion 
spennatozoaAnL in BTS diluent. The ^penn suspensions from the three boais wen mixfid and 
resuynded b BTS dihient to give insemmation doses of 1.000, 200 or 50 miMaa nnxed yrm 
ceDs in S mL of ^tiip^w*. Foity>4i:c muh^iarous, contniefeiBl ctosdwed sows (jparity were 
used h eiqienaienL TweoQMonr faoun aAcr wcamg (approxiaati ^ 3 to 4 wk after 
finowins), alt sows were injected with 1,250 RJ eCG (Boffigonan: lotervet Intemational B.V^ 
Boxmeer, The Nedwrhnds) fi>r stimnbtioii of ibOicuhr pnwdt. Ovnfaiions wnc hkhned im 
application of 750 lU faCC (Chorulon: Intavcc Imenialloflal B.V, Booaneer; The Netheriaods) 
72 h after the eCC vjectkn. V» aimaals were insnninmed 36 h after hCO n^ectlQa. 
InsenmatioDS wwe periomied using a aitifiaal 'ma nmrniuxn qnrette to produce a 

cervical lock anl to assist m mm^ralaiiDg a spedaDy designed fieadUe fbetseope (woikhig 
length 135 m. outer diameter 3 J mm. inst na netH dnniMi I^ maO which was insetted ttaoo^ 
the spiictlc and nioved tbfough the cervical canal into the nteriac Jwm. Silicon spray was used to 
lubricate the spiral end of the ^irette and endoscope. If after enteriog one utetmc hom we 
{bund difBcuby in visuafiang the entiy of the other hom, u n il ateral insemination was pctftmned. 
Semen san^les (5 mL) wm infhsed mto one utetioB horn by a qnnage 
cham^ of Ab ffiieiopdc eiidosoope. TlKO, S iiiL of BIS dilueot was used to Audi Ae tixnah^ 
sgem sospeneaaa. out of the fiberoptic endoscope. Sows were scanned wiOi a 5 VfSz sector 
scanner 24-28 d after insenination to deteomw the pr^nanq r rates and were msnaged wttfl 
parturidon to detetminB d» &ler stJS. Data were evahBted by chi-square test aiid ANOVA. 

Pregnancy rates were 13/15 (86.fi%), 16/18 and 12A3 (92J%) ibr 1.000. 200 or 

SO milfion spenn per faseaainatioa, leyctively. Average Gtter sizes (mean± SEM) were 9.61 ± 
0^:9, 9.75 ± 0 J I Bcd 9.41 db 038. re^eedvely. Difiereooes n pr^piant rates and Bter szes were 
not sigmficant Further experimems are underway to drtniiiiiiff ciitieal ^emi smnbeR to 
mamttan a reasonable fertility level for biotedmologies such as spcnn soitii^ where the nnmbcr 
of viaUe spermatozoa is ledoced. 
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A I IN SWINE: NEW STRATEGY FOR DEEP INSEMINATION WITH A LOW 
NUMBER OF SPERMATOZOA USING A NON-SURGICAL METHODOLOGY 



J.M. Vzz^ 2 2. E .A. Mar.inez. J. Ro:.-u J i 
D;partn:r.t of Ar.ina; Falnology. Uni' 



Vazquer. X. Lucas. MA. Gil, 1. Parrilln 
■r:i:y cf Murcb. jOCi. Murcc. Spain 



Tht r.cv. techncbgisi applied lo boar 
semen :i'<e sperm crjoprcscrvation or 
5p«nn sorting for X.'V are associated vvith 
larse charges in spemi when corr.parec 
-.viih fr:3ii or dilutad sperm. T\icss 
chanses. similar lo '.hose that occur 
during tlie spem; ;2pacitaticn. prcducs 
weak sperT!S --.vi-.ich are not able ;o 
produ:: tiigh feniliry rates, at least when 
iraditional sysiems of A.i arc used, 
jesidts. 'Jne flow sortir.g methodoiogy 
produce a low nur^.ber of ser.zd 
spc.-rr.atQzoa. It. our opinion, there ar; 
-.wo pcssibilitiss ic improve this problem 
in order :o apply Aese technologies to 
farm aninnals: 1} To incrsaic ihc i^umber 
and stability of sperr.i and 2) To develop 
new leehnclogies tnat aliow '.a app'> 
lh:sc spennaiozoa near to 'iic ateroitbal 
junction lUTJ) usin^ a ncn-surjicai 
procedure. Ai^Jiougl-. it has been possible 
to inseminate near the UTJ in aitile atic 
horses with a low number of 
spermatozoa, in other domestic species 
only surgical procedures nave beer, 
possible. We have recently developed a 
technique for deep uterine home 
insemination, as close as possible lo the 
uterotubal junction, without sedation of 
the female. Briefly. ;he system is 
compound for a niodified arificiai 
;nseir.inaiicn 3p\rette to produce .i 
cervical lock twd to assist in manipulating 
a specially designed flexibis fibcrscnpc 
>orki.ag lengtli '..yS cm, outer diameter 
3.3 mm and inst^Jm^.^l channel 1.2 mm) 
v/htch is inscned through the spirette x-.d 



T.oved through tne cervical canal into the 
uterine horn. With this technique, it is 
possible to reach the depth cf one uterine 
hem in 3-7 min in about 90% cf the sows. 
P,-.e sows (parity 1-6) were synchronized. 
24 h after weaning, with .250 :U eCG 
arc 7fO lU bCG administered ij. h after 
eCG ir.;ect!on. In tne first trial, we liave 
usee cirirert cancentralions (iOCC, 20C 
ar.d 50 million of sperm in 5 T.i of BTS; 
of fres.-. and di'utsd boi-.r spcrmatczoa 
2chicvi.T4 orcgnaiicy t^tes and litter sizes 
about S5H arc 9.5 respectively. 
E.-<per;merts arc being developed to 
dciemtine critical sperm numhen to 
mciniain a reascnabie fertiiiiy level using 
fresh a.nJ diluted boar spciTnatozoa.In the 
second trial, we have used er^/opreser/ed 
sperm, decreasing the number of 
spermatozoa from 6 bilhons cf sperm 
{usual dose} to i biilion of sperm for 
inscm).nation v.iih the fiberoptic 
endoscope. 'Ve have obtained satisfr.ctory 
results both in fertility rates arc .itter 
sizes. We arc now dciermininsi the 
minimum number of cryocreserved sperm 
that '.ve cQuid be used tc obtain these 
results, but preliminary result indicate 
Liat less than 1 failnon. Tlie use of the 
fiberoptic endoscope ;ould be a jset'u! 
too! to acnieve high pr:gnarcy ratc« 
aecrcasing tiie number of spernia'czon 
that are used -Aith convcntionai 
procedures. Gender preselection c 
cryopreservaticn in swirc coult; \.:c l:iis 
technology for practical application tc 
farm animals. 
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aatv^een zr'i3.z:nerttz cannot 3e axoiainefl by 
3f eye 'a :3r csncancricion 3f iZ it 
cfian 3f PGr^. ccnclucafl "J^ac 

;.T8 'nc2rven:r!G *eax 3er,«e»n injactions 



:na. 



> .10) -n traacaenc but days coacscc 
-jan CONl awoa '3.o = 1.2 va li.2 
CToiacan race, iecerniuied by iaparcacc 
bom -ser? di5er«ac ? > 10) becTveec 
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reapeccveiyi. Tha CHJRi ^wea iamc^i - 
lambirig seaaoa -itaa CONl *we3 (9.5 r 
•Iambic?, reapacrLveiv;. In 'Trtai 2, 14 
CIDR3 3S in Tr.ai 1 ■;CIDR2) and 14 
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438 Inaemination of Hoiazein heifers with very low 
numbers of unfrozen spermatozoa. G. £. Seicsi. Jr.*, C. H. 
Allen', Z. Snnk, J. K. Graram, and M. 3. Cattail^, Cciomco Slaia 
University, Fort Ccilins, 'Atiantic srsecsra CccqaraiivB, Larcasrar, 
PA, 2QUQ Qair/, Lavaiarc, CO. 

The objective T^aa io decarmina pregnancy rates when heifers were 
inaeminated with very low numbers of aparm under ideal 
asperiznencal conditiona. Semen scm ±xee Halstain bulla waa 
extended in Comeil Universal Hxander pixis 5^^ homoiogoua 
seminal plasma » 1 1 10^ or 15 x 10^ sperm per 0.1 mi; '15 1 10^ 
total aperm per OJS ml was 'oaed aa a controL Folly exanded 
semen waa packaged in mcdined 0.25 mi plaacic French straws to 
deliver the 0.1 or 0.25 mi inseminate doses. Semen was 3ooled » 
3'C and used 26-o7 h after collection. Eoistain 



13-15 mo of age weighing 350-450 kg were injected with 25 mg 
prostaglandin F-2-alpha (Lataiyse'®^ at 12-day intervals and 
inseminated with an ambryo iranifer straw gun and aide-opening 
sheath into one uterine horn 24 h after detection of astrua. 
Insemination waa ipsilaterai to the aide with the largest fcUicie 
determined by ultrasound 12 h after aatrus; aide of ovulation waa 
verined by detection of a corpus luteum by ultrasound 
7-9 days post-Astros. Pregnancy was determined by detection of a 
feras by ultrasound 42-45 days post-astns. The asperiment waa 
done in four replicates and balanced over three insemination 
technicians. Side of ovulation was determined correctly in 205 of 
225 heifers (91%); surprisingly, pregnancy races were nearly 
identical for ipsilatarai and contralateral inseminates. Pregnancy 
races were 38/93 (41=&), 4c;S7 (52?o). and 25/45 (55=?.) for 1 2 IQS, 
2.5 s 105 2.5 x 10'' apermylnaeminate (P>.1). There was a 
signincant difference in pregnancy races ( ?<.05) among techni- 
cians, but aot among bulls. Wich. ±,e methods described, it may be 
possible to reduce acerm aumbers per inseminace aumdantiy diac 
sperm aortad by aes wich a flow rrtometer would have commercial 
anpUcacion. 




faedbacc. (r-=5) and — 

cvariecrcmizad 'C/X ac - 1 
r2scecri.\-ely. aiccd ssircias -^ers 
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513 Insemination of heifers with very low numbers of 
frozen spermatozoa. G. E. Seidell JrJ*. C. H. Allen^, Z. Brink^ M. 
D.' Holland^ and M. B. Cattel|2, ^ Colorado State University, Fort 
CcHin^. 'Aua'tir Breeders Cooperative, Lancaster, PA, ^DUO Dajjy 
Loveland, CO, 

The objective was to determine pregnancy rates when heifers are 
inseminated with extremely low numbers of frozen sperm under 
ideal fielc conditions. Semen from three Holstein bulls abo\ 
average fertility was extended in homogenized milk, 7% glycerc 
(CSS) extender plus 5% homologous seminal plasma to 2 x 10^, 5 
X 10^ or 10 X 10^ (control) total sperm per 0.25 ml French straw 
and frozen in moving liquid nitrogen vapor. Semen was thawed in 
37°C water for 20 sec. Holstein heifers 13-15 mo of age weighing 
350-450 kg were injected with 25 mg prostaglandin F-2-alpha 
(Lutalyse®) twice at a 12-day interval and inseminated with an 
embryo transfer straw gun and side-opening sheath, half of the 
semen deep into each uterine horn 12 or 24 h after detection of 
estrus. The experiment was' done in five replicates over 5 months, 
and balanced over two insemination technicians. Ambient temper- 
ature at breeding was frequently -10 to -20°C, so care was taken to 
keep insemination equipment warm. Pregnancy was determined 
by detection of a viable fetus using ultrasound 40-44 days post- 
estrus and confirmed 55-62 days post-estrus; 4 of 202 conceptuses 
were lost between these times. Day 55-62 pregnancy rates were 
55/103 (53%), 71/101, (70%), and 72/102 (71%) for 2 x 105, 5 x 
105 and 10 x 10^ total sperm/inseminate (P<.02); there were no 
significant interactions (P>.1). Pregnancy rates were different 
(P<.05) among bulls (59, 62, and 74%), but not between 
technicians (64 and 65%) or insemination times post-estrus (65% 
for 12 h and 64% for 24 h, N=153 at each time). With the methods 
described, pregnancy rates in heifers were similar with 5 x 10^ 
and 10 X 10^ total sperm per inseminate. 

Key Words: Frozen Semen, Insemination, Pregnancy 
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tozoa limits the potential to exploit stallicms which produce semen that freezes badly, epididymai 
spennatozoa &om castrated colts or sex-selected spennatozoa. 

Mnti»r inl8 and Il|fth0<1s 

Maies in this study were inseminated using the hysteroscopic insemination technique desoibed 
by Monis et al. (2000). Fresh and ftozen spennatozoa was used from twin Pony stallions. Epi- 
didymai spennatozoa was obtained from the testes of castrated colts and subsequently 



High conception rates of 60% (n = 10), 75% (n = 8) and 64% (n = 25) were achieved 
in mares inseminated videoendoscopically directly onto the papilla of the uterombal junction ip- 
silateral to the ovary containing a >35 mm dominam follicle, cespectively with 10, 5 or 1 mil- 
lion ejaculated spermatozoa extended in 100 sperm TALP. Conception rates fell to 29% (n = 
14), 27% (n = 11) and 10% (n = 10), respectively, when the DTI insemination dose was re- 
duced to 0.5. 0.1 or 0.001 million spermatozoa. Nevertheless, conception rates of 44% (« = 9) 
and 17% (/i = 6) were achieved in oestrous mares inseminated 30-32 h after hCG administra- 
tion with 0.5 million motile spermatozoa that had been separated previously, by passage through 
a fluorescence activated cell sorter into their X- and Y-duomosome bearing populations. In the 
control group, 31% (n = 13) mares became pregnant after UTJ insemination with similarly 
low numbers of non-sorted spermatozoa that had been stored at room temperature for 
5-8 h. 

Satisfactory conception rates (47%, n = 34) were achieved when only 5 million motile frozen- 
thawed spermatozoa in 100 p-l diluent were deposited directly onto the UTJ at a single fixed time 
of 30-32 h after hCG administration. However, when the spermatozoa were deposited just cranial to 
the cervix to simulate conventional artificial irBemination, only 25% (n = 8) mares conceived. Low 
conception rates were achieved in marcs inseminated by the UTJ method with 300 million (16%, 
n = 25) or 5 miUion (0%, n = 19) frozen-thawed epididymai spermatozoa. 

In conclusion, hysteroscopic insemination enables extremely low numbers of spermatozoa to be 
deposited close to the site of fertilization, avoiding spenn losses that occur during conventional 
insemination. 

Reference 
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^^^gg^anry ratcs in mares following hysteroscopic or rectaily-guided utero-tubal insemination 
with low sperm numbers 
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* College of Veterinary Medicine, Texas A&M University. College Station. TX 77843-4475. USA; *'XY 

Inc., Fort Collins. CO 80523. USA (.srigby@cvm.tainu.eduy 

Introduction 

Pregnancy rates of mares were compared following insemination with 5 nullion total sperm 
deposited on or near the utero-tubal papilla by a rectaily-guided approach, or by hysteroscopic 
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deposition of semen directly onto the utenHubai papilla. In addititm, the eSect of intrauterine 
pietreatment with prostaglandin (PGE) deposited in the {Hoximal uterine horn was evalu- 
ated. 



Methods 

Estius was synchronized in 41 mares. Human chorionic gonadotropin (2500 lU. i.v.; Choiulon®. 
Intervet, Millsboro, OE, USA) was administered when mares had a dominant follicle >33 mm 
in diameter and they were mseminated the following day. Mares were assigned to 1 of 4 treat- 
ment groups. Mares in group PGE-HYS were infused with 0.25 mg PGE (in 1ml saline) in the 
proximal uterine honi ipsilateral to the dominant follicle using a 6S-cm insemination pipette 2h 
prior to hysteroscopic insemination (HYS). HYS was done using a 1-m videoendoscope. 
The uterus was partially inflated with air and the videoendoscope was passed to the tip of the uterine 
hom, ipsilateral to the ovary with the dominant follicle. A pre-loaded catheter (Cook Veterinary Prod- 
ucts, Bloomington. IN, USA) was advanced through the biopsy channel of the videoendoscope and 
semen was deposited on and around the utero-tubal papilla. Other treatment groups were: SAL-HYS 
(1 ml sterile saline was iniiised in die proximal uterine hom 2h prior to HYS insemination); PGE- 
REC (PGE pretreatment 2h prior insemination on or near the utero-tubal papilla, 
with semen placement verified by transrectal palpation of the insemination pipette); SAL-REC (saline 
pretreatment followed by rectally-guided insemination). Semen (25 x 10* ml"'; 10% seminal plasma) 
had been previously stored in an Equitainer™ (Hamilton Thorn. Beveriy, MA, USA) for 24h follow- 
ing centrifiigadon and dilution in a milk-glucose extender. Insemination doses contained 5 million 
total sperm in a 200-jil volume. Mares were sedated immediately prior to insemination using deto- 
midine (Dormosedan®, Pfizer. Lees Summit. MO, USA; 6rag. i.v.) and butorphanol (Toibugesic®, 
Ft Dodge Co., Ft. Dodge. lA, USA; 4mg, i.v.), and were evaluated daily for ovulation. Pregnancy 
evaluations were done 12-14 days post-ovulation. 

Results 

Pregnancy rates (Tid)le 1) were not different between mares inseminated using HYS (62%) or 
REC (50%) techniques. Pretreatment with intra-uterine PGE did not increase pregnancy rates (55%) 
compared to saline (57%). 



Table 1 

Pregnancy rates for mares insemi 
treatment with SAL or PGE 


nated with 5 mil 


lion total sperm via HYS or REC following jhc- 


Treatment group 




Pregnancy (%) 


PGE-HYS 




6/10 (60) 


SAL-HYS. 




7/11(64) 


PGE-REC- 




5/10 (50) 


SAL-REC 




5/10(50) 


HYS insemination 




13/21 (62) 


REC insemination 




10/20 (50) 


PGE pretreatment 




11/20(55) 


SAL pretreatment 




12/21 (57) 
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Conclusions 

low spenn numbos fiom a fertile stallion yielded acceptable pregnancy rates mares 
were bred via REC or HYS. REC may be an acceptable alternative to HYS, espcciaUy when a suitable 
hysteroscope is unavailable. 



Interactioiis between soninal plasma and semen extenden effects on motility and fertility of 
centrifliged eqnine spermatozoa 

S.L Rigby*. S.R Brinsko, M. Cochran. T.L. Blanchard, C.C. Love, D.D. Vamer 
CoUege of Veterinary Metticine. Texas ASM University. College Station. TX 77843-4475, 
USA (srigby(Scvm.tamu.eduy 

Introduction 

This study evaluated motility andfertility of centrifiigedequine spermatozoa which were ctwl-stored 
following dilution in a milk-glucose extender with or without supplemental Tyrode ' s medium (Padilla 
and Fbote, 1991), as well as the effect of seminal plasma addition to extended semen. 

Methods 

Hiree ejaculates from each of three stallions were cooled for 48 h following centriiiigation and 
resuspension in one of four different extenders: milk-glucose (B-Z Mixin CSTJ; CST) extender 
containing 0% seminal plasma (CST-0); CST extender containing 20% seminal plasma (CST-20); 
CST extender supplemented with modified lyrode's medium (65:35 (v/v)) and containing 0% sem- 
inal plasma (KMT-0); or KMT extender containing 20% seminal plasma (KMT-20). Sperm motil- 
ity (percentage motile sperm (MOT), percentage progressively motile sperm (PMCT), curvilin- 
ear velocity (VCL), and straight-line velocity (VCL)) were evaluated using a conqsiteiized sys- 
tem. Estrus was synchronized in 3S mares. When the dominant follicle reached a 33-mm diame- 
ter, hCG (Chorulon®. Intervet. Millsboro, DE, USA; 2500 lU. i.v.) was administered. After 24 h, 
maies were inseminated with 250 million total spcim (50 x 10* ml"') which were previously stored 
in an Equitainer™ (Hamilton Thome, Beverly, MA, USA) for 48 h following ccntrifugation 
and processing in CST-20 or KMT-0. Pregnancy evaluations were done 14-16 days 
post-ovulation. 

ResulU 

Mean VCL and VSL were greater (P < 0.05) in CST-20 compared with CST-0 (Table 1). Con- 
versely, mean values for all motility variables were greater in KMT-0 than MKT-20 ( /> < 0.05). Mean 
MOT and VCL were greater in KMT-0 compared to CST-20 {P < 0.05). Nonetheless, pregnancy 
rates were similar {P > 0.05) for mares bred using CST-20 (13/18; 72%) or KMT-0 (13/17; 76%). 

CondusioDS 

KMT extender may be useful for cooled transport of semen from stallions in which all seminal 
plasma must be removed because of suspected toxic effects of seminal plasma on spermatozoa! 
viability. Addition of TVrode's medium may be detrimental to sperm motility when seminal plasma 
is present 
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Low Dose Insemination Technique in the Pig 
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Abstract 

The aim of the experiment was to determine the minimally 
necessary number of sperm present at the UTJ for normal 
fertilization and litter size. Estrus cycle was induced hormon- 
ally in prepuberal gilts. Exactly 32 or 38 h after hCG injection 
or at the time of ovulation gilts were inseminated surgically 
into the tip of the uterine horn with 1 X 10', 2 X 10*, 2 X 
[0\ 1 X 10' or 2 X 10* sperm/animal. The insemination vol- 
ume was 0.5 ml. No differences were seen between the first 
four groups in fertility rate, farrowing rate and litter size. How- 
ever, a 50% reduction in fertility was found at the lowest 
sperm concentration. Sows at first and second parity were 
checked for heat with a teaser boar At 32 h after onset of 
estrus signs, sows were inseminated surgically with 1 X lO' 
or 2 X 10' sperm/ animal. The dosage volume was also 0.5 
ml. No significant differences were seen for pregnancy rates 
however the litter sizes dropped. Regular single insemination 
with 3 X W and 1x10'' sperm didn't differ in pregnancy rate 
and litter size from the surgical insemination results. Prepu- 
beral gilts were prepared as above. Gilts were slaughtered 48h 
after surgical in.semination. Reflushing of embryos at day 2 
after insemination showed no differences between high and 
low sperm concentration. Embryo morphology didn't differ 
The developmental potentials of the embryos were tested un- 
der an inverted microscope in a time lapse analysis system. 
Data are just under investigation. So far, no differences were 
found in the developmental pattern of embryos. In conclusion, 
low sperm concentration and low dosage volume are sufficient 
for successful insemination, if sperm are deposited close to the 
UTJ. As shown in cattle and horse this technique is a useful 
way to inseminate sexed semen. 

Introduction 

In the recent years pii; Al has become more and more in- 
terest and the number of first inseminations has increased rap- 
idly, especially in the US.-\ but also in Europe and .^sia. As a 
consequence the demand for semen grew very quickly. This 
raises the question whether ejaculates may be used more ef- 
ficiently in order to satisfy the semen market and still run 
intensive genetic selection programs to produce top genetic 
boars. Additionally, the advent of sexed semen requires an 
alternative means of tran.sporting .spenm to the site of fertilization 



since production rates of X- and Y-chromosome bearing sperm 
are low (Johnson, 1991). Even with the recent increase in 
sexed sperm production rates (Johnson, this volume; Johnson 
and Welch, 1999) the number of sperm required for fertiliza- 
tion in the pig by AI far exceed those that can be sorted in a 
few hours. Such (sexed) sperm populations are very valuable 
and use has to be made as efficiently as possible. One major 
reason for semen shortage is that other than in cattle AI, ad- 
vantage of boar ejaculates have not been used to their maximal 
extent. Usually 2 to 4 billion sperm are inseminated twice or 
even three times in the estrous cycle of a gilt or sow, which 
means in total up to 12 billion spemi are used for one preg- 
nancy. In cattle AI for example only 10 to 20 million sperm 
are inseminated (Colenbrander 1991). As compared to an in- 
semination volume of 0.25 to 0.5 ml in cows the volume of 
an AI dose for pigs is relatively large containing 80 to 100 
ml. A certain ratio of liquid volume and number of sperm cells 
seems to be necessary (Stratman et al. 1959; Paredis 1962). 

What is the reason for such large volume and the high sperm 
number per insemination? Firstly, boars are "uterus insemi- 
nators". Their physiological ejaculate volume is much larger 
then in ruminants and sperm are not that concentrated. Sec- 
ondly, the sow is an multiparous animal with long uterine 
horns and sperm have to make their long way from the site of 
insemination to the oviductal ampulla to meet several fertil- 
izable oocytes. What counts economically in the pig is not a 
pregnancy, its the litter size and as many oocytes as possible 
have 10 be fertilized. Thirdly, growth of follicles and time of 
ovulation can not tested directly for example by rectal palpa- 
tion. Ultrasonography may be a .solution in the future, but so 
far only secondary signs of e.strus arc used as indicators to 
determine the onset of heat. From this time point on, any other 
event in the cycle is only estimated and varies between ani- 
mals, breeds, farms etc. Therefore, it makes sense to insemi- 
nate more than once per cycle to give pregnancy a maximal 
chance (Reed 1982; Flowers & Esbcnshade 1993). 

Biological fate of sperm on their way to the oocyte 

After insemination sperm pass through the uterine body, the 
uterine horns and the utero-tubal junction into the oviduct. In 
the ampulla of the oviduct sperm cells meet the fertilizable 
oocytes and penetrate the zona pcllucida. Such sperm transport 
is a complex process, which is effected by .several factors. It 
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begins with the Stimulation of the female partner through mat- 
ing or insemination itself, depends on the composition of the 
ejaculate or the inseminate, is effected by the activity and se- 
cretions of the female genital tract, and finally but most im- 
portant is regulated by hormones and irrununogenic factors 
(Bower 1974; Einarsson 1980; Vinng 1981; Claus et al. 1979; 
Drobnis and Overstreet, 1993). Imponant is the direction of 
the myometrial waves that transport the insenninate towards 
the utero-tubal junction (UTJ). The direction of these waves 
depends on the status of the estrous cycle (Zerobin 1968). 
Intensive contractility of the uterus directly after mating is re- 
sponsible for a rapid sperm transport to the oviduct (Bower, 
1974) but this first wave contains not the sperm population 
that fertilizes. These sperm cells are not capacitated, their vi- 
ability and membranes are weak and at least in the rabbit most 
of them are pushed directly through the oviduct into the ab- 
dominal cavity before they meet any fenilizable oocyte (Ov- 
erstreet 1983; Overstreet & Cooper 1978). 

In the second phase of sperm transpon, sperm cells are 
moved much slower through the porcine female tract. On their 
way they are surrounded by substances of the seminal plasma 
which prevent the sperm cells to undergo capacitation too ear- 
ly (Hunter et al. 1998; Yanagimachi 1994). Once the sperm 
have reached the UTJ, these factors are not longer present and 
capacitation can start. For example .\WN-1 was not detectable 
at the UTJ anymore 18h after insemination (Calvete et al 
1997). At the UTJ and the distal pan of the oviductal isthmus 
a sperm reservoir is build up. Here sperm cells are very se- 
lectively prepared for their final migration to fenilize the oo- 
cytes in the oviduct (Viring et al. 1980; Hunter 1981, 1984; 
Yanagimachi 1994). The reservoir is important to maintain the 
viability and integrity of sperm for about 24 to 42 h (Hunter 
1988). Mburu (1997) showed that boar sperm are located at 
specific regions of the UTJ and the distal oviduct. Only sperm 
that had close contact to the ciliary epithelial cells had intact 
membranes and were classified as fertile. Similar observation 
were seen in vitro when intact ciliary epithelial cells were able 
to bind sperm (Suarez et al. 1991). It seems that only non- 
capacitated sperm bind to the epithelial cells (Fazeli et al. 
1999). Only a few sperm are released and reach the oocytes, 
eventually guided by a temperature gradient (Hunter & Nichol 
1986; Hunter 1995). After 2 days the number of sperm at the 
UTJ decreases gradually (Polge 1978; Vinng & Einarsson 
1981). 

Sperm losses after mating or insemination 

Transportation through Ihc uterus and the .selection at the 
UTJ diminishes the number of sperm e.xtremely and only a 
small proportion enters the zona pellucida. Additionally, back 
flow of sperm and seminal plasma/'e.xtender after mating or 
insemination is a major reason for sperm losses. .Although the 
bulbourethal secretions close the cervix a the end of ejacula- 
tion and remain there for about two hours (Lovell &. Getty 
1968) 25-30% of sperm and up to 70<7o of the volume are 



excreted retrogradely (Viring & Einarsson 1981; Steverink et 
al. 1998). In the bovine such back flow was also observed 
(Mitchell et al. 1985) and it was irrelevant for the amount of 
back flow whether the semen was deposited into the utenne 
corpus or horn or cranial cervix. In contrast insemination into 
the caudal part of the cervix increased the amount of back 
flow significantly (Gallagher and Senger 1989). At least in the 
pig the backflow seems to be a physiological event. Increased 
back flow rates were only effective if the total number of 
sperm was lower than 1 X 10' per 80 ml (Stevemick et al. 
1998). If the backflow occurred not at insemination but 0.5 to 
2.5 hours later, no effects were seen for the establishment of 
a sufficient sperm reservoir at the UTJ. All trials to prevent 
the backflow with a tamponade in the cervix failed to increase 
the sperm number in the uterus (Pursel 1982). 

Further sperm losses are caused by adhesion of sperm to 
ciliary epithelial cells of the uterus and migration into uterine 
glands. Additionally, the sperm population is attacked witliin 
30 minutes after insemination when polymorphonuclear leu- 
kocytes occur in the uterine lumen (Lovell & Getty 1968) and 
can be found there for about 9 to 10 hours (Hadjisavas et al. 
1994). The fluid of the inseminate is reduced much quicker 
About two hour after insemination only foamy remnants can 
be found in the tip of the uterine horn. 

Deep intrauterine insemination 

The implication of the above mentioned mechanisms is :o 
reduce the losses of sperm on their way to the oocytes. This 
can be done by preventing back flow and rapid sperm trans- 
portation, protection of the sperm cells against immunological 
reactions or placing the sperm cells closer to the utero-tubal 
junction. The objective of some basic experiments that we re- 
cently performed in gilts and sows was to identify the minimal 
number of sperm cells that are required to be inseminated into 
the tip of the uterine horn without losing the fertilizing poten- 
tials of the inseminate. 

In cows significantly increased fenility rates were obtained 
when semen was introduced into the uterine horn instead of 
placing it into the uterine body (Zavos et al. 1985; Senger e; 
al. 1988; Williams et al. 1987; Lopez-Gatius & Camon-urgei, 
1988; Dalton et al. 1999). Seidel et al. (1997) showed that ;: 
is possible to reduce the sperm number per insemination anc 
used 2 X IC living sperm cells for deep intrauterine insemi- 
nation of sorted sexed bull semen. The percentage of the preg- 
nancy rates did not differ significantly from the controls. 
Buchanan et al. (1999) showed that pregnancies can be ob- 
tained in horses after deep intrauterine insemination, but preg- 
nancy rates were diminished. In dogs intrauterine in.semination 
with frozen-thawed semen gave better results than insemina- 
tion into the vagina. (Fontbonne & Badinand 1993; Wilson 
1993). 

Polge et al. (1970) obtained high fertilization rates (90<7o) 
in pigs when about 10 million frozen thawed sperm in 0.5 ml 
were directly inseminated into the oviduct six hours prior to 
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estimated time of ovulation. Similar results were found by 
oenbeck and Didion (1995) under farm conditions when 
they insenunated frozen thawed semen into the oviduct (preg- 
nancy rate 29%; litter size 5.9 living piglets). Piglets have been 
also been produced after insemination of about 200,000 sexed 
sperm directly into the oviduct (Johnson et al. 1991). 

The disadvantage of an insemination protocol directly into 
the oviduct is that even under long term aspects it will not be 
possible to reach this location non-surgically. In contrast first 
tnals to introduce a catheter system into the uterine horn and 
push it forward to the tip are promising (Martinez et al. 2000) 
and it is a challenge to overcome the special anatomical con- 
ditions in female pig where the long cervix has tight cushions 
and can hardly be passed in young gilts. 

Our own experiments were performed surgically (Kriiger et 
al 1999; Kriiger & Rath 2000). Prepuberal gilts were hormon- 
aily stimulated with PMSG and hCG and were inseminated 
with 10', 10', 10' 5 X 10* and 10* sperm per uterus horn at 
38 h and 32 h after hCG treatment or at the time of ovulation. 
Pregnancy rates, farrowing rates and litter size did not differ 
significantly between these groups as long as more than 10* 
sperm were used in 0.5 ml of extender Partly, gilts were not 
allowed to go to term, but were slaughtered 48 h after insem- 
ination and embryos were re-flushed. These embryos were in- 
vestigated for their integrity and were then cultured in vitro 
f-r five days to learn about their developmental potentials. The 
ion for this pari of experiment was that after low dose 
insemination sperm with non-compensable deficiencies might 
have fertilized the oocytes (Saacke et al. 1998), because com- 
petition of sperm cells at least might be diminished at such 
low sperm concentrations. We found no indications for this 
with as long as the inseminated sperm number was higher than 
10* sperm with the boars we used. But it has to be kept in 
mind that the results may differ if other boars are used. In this 
pan of our experiments the lowest sperm dosage was again 
not fully competent and significantly less oocytes were fertil- 
ized as compared to the other groups. Additionally, embryos 
derived in the lowest concentration group had less develop- 
mental competence as their cell cycles were prolonged from 
the second cell cycle onwards and none of the embryos in this 
group developed to hatching blastocysts. This may indicate 
that sperm with non-compensable defects participated in fer- 
tilization. 

In the experiment with the stimulated gilts, litter sizes of all 
groups were lower as could be expected from normal insem- 
ination (-2.2 piglets in average). It was not dependant on 
sperm dosage and not on the time of insemination. But there 
are several possibilities for this like the age of the gilts, the 
hormonal stimulation and the surgical intervention. In order to 
exclude hormonal and age effects the experiment was repeated 

■th sows after weaning and 10', 10" and 10' sperm were 
eminated per horn surgically. Additionally two groups were 
inseminated once inlra-cervically (regular insemination) with 
10'' or 3 X 10'' sperm. Data between all groups didn"t differ 



significantly and litter sizes were similar to what could be 
expected after regular insemination. 

Conclusion 

Deep intra-uterine insemination in pigs is a possibility to 
reduce the number of sperm necessary for insemination. We 
have learned that 5 X 10* sperm inseminated in the tip of the 
uterine horn are sufficient for normal fertilization. These data 
are based on specific boars. In general, sire effects will have 
to be observed very carefully. At the moment no device is 
available to introduce this technique into the field. But major 
technical improvements are foreseeable. Additionally, research 
will focus on lower locations in the uterus to make non sur- 
gical insemination protocols easier to handle. 
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Abstract 

Two experiments investigated the effects of number of spermatozoa inseminated and time and site 
of insemination of fresh and frozen-thawed semen on fertility in Merino ewes treated with intravaginal 
progestagen pessaries and a combination of pregnant mare serum gonadotrophin and follicle stimulating 
hormone. In Experiment 1, ewes were inseminated in the uterus or oviducts with totals of 10^, 10^, 10* 
or lO' fresh spermatozoa 44 or 68 h after pessary removal. Ova recovered 48 h later were classified as 
fertilized if they had cleaved. Proportion of fertile ewes (ewes with fertilized ova per ewes inseminated) 
and fertilization rate of ova (ova fertilized per ova recovered) were higher for inseminations 44 h 
(63% and 45%) than 68 h (38% and 19%) after pessary removal (P<0-001). More ewes were fertile 
after oviducal (61%) than after intrauterine insemination (39%; /'<0-05), and with high (10* and 10^) 
than with low (10* and 10^) doses of spermatozoa for intrauterine (54% v. 24%; PKQ-Q5) but not 
for oviducal inseminations (63% v. 59%). Fertilization of ova was better after oviducal than after 
intrauterine inseminations (44% v. 22%; P<0-001), and with high than with low doses of spermatozoa 
(45% V. 21%; P<Q m). In Experiment 2. ewes were inseminated with 10^. 5 x 10^ or 10* total fresh 
or frozen-thawed spermatozoa in the uterus or oviducts, 44 h after pessary removal. Proportion of 
fertUe ewes and fertilization rate of ova were higher for oviducal (75% and 59%) than for intrauterine 
inseminations (27% and 14%; /»<0-001), and for fresh (56% and 35%) than for frozen-thawed semen 
(47% and 29%; P<0-05). FertUization rate of ova was higher for inseminate doses of 5x 10^ and 
10* than for 10^ total spermatozoa (36% v. 25%; P<Q O\). The study showed that fertilized ova can 
be obtained after deposition of 10* fresh spermatozoa in the oviducts of superovulated ewes, and that 
the minimum effective dose is between 10^ and 10* fresh spermatozoa. 
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Introduction 

The fertilization rate of ova following superovulation is of major importance in the 
production of viable embryos for embryo transfer programmes (see Maxwell et al. 1990). 
Fertilization is generally low following vaginal or cervical insemination of superovulated 
ewes (Trounson and Moore 1974; Evans et al. 1984), but this can be overcome by 
depositing semen closer to the site of fertilization (in the uterus by laparotomy, Trounson 
and Moore 1974; in the uterus by laparoscopy, KiUeen and Caffery 1982; or in the oviducts 
by laparotomy, KiUeen 1969; Jabbour and Evans 1991). Fertilization of ova is also 
influenced by the time of insemination (Evans et al. 1984; Jabbour and Evans 1991) and 
type of semen (fresh or frozen-thawed, Armstrong and Evans 1984; Hunton et al. 1986; 
Jabbour and Evans 1991). 



103l-3613/93/010057$05.00 



W. M. C. Maxwell et al. 



ra Jorov'a' In'n':"™'"' ''"f T '''''' °' """""^^ °" 'he fertilization 

5 X 10* motile spennatozoa (Maxwell 1986) 

2 0^20^ m« ? °° 'he fertilization rates of ova when either 

Materials and Methods 

Mature Merino ewes maintained under field conditions at Armidale NSW wer. „. h • 
experiments carried out during autumn (March-Mav) 1992 wh^T 

oestrous cycles. The time of oLtrus and ovu^a.iof 1 l^l — '^"■ting regular 



=;s:es^t^r=t:^;trTr?r^~ 
rs:r;:n=r:pt7o^ 

and «fh»r a ^"'""""^"P'"" (*'MbO, Pregnecol; Horizon Ammal Reproduction, North Rvde NSWA 
Experiment 1 

At 44 or 68 h after pessary removal, 102 ewes were inseminated in 
inseminate doses of 10*. 10^ I0« or lO' total Z '"""""^'^'1 '° "terus or oviducts with 

reproductive tract. spermatozoa, spht between both sides of the 

reproductive tract. frozen-thawed spermatozoa, split between both sides of the 

Preparation of Semen and Insemination 

All inseminations were carried ..nn! , ''^''^ ^' '"semination. 



Insemination of Superovulated Ewes 
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Recovery and Evaluation of Embryos 

At 48 h after insemination, the ewes were killed by captive bolt and their reproductive tracts 
removed. Ova were recovered within 15 min of death by flushing the uterine horns and oviduas with 
PBS. The ova were located by light microscopy and those that had cleaved were classed as having been 
fertilized. The numbers of recent ovulations were recorded at the time of ova flushing. 

Statistical Analysis 

Data on the number of recent ovulations, number and proportion of ova recovered, and number 
and proportion of ova fenilized were subjected to least-squares analysis of variance (Harvey 1990). 
Between- and within-treatment comparisons of proportions of ewes with fertilized ova were made by 

analysis. 

Results 
Experiment I 

None of the treatments affected the number of recent ovulations observed at the time 
of ova recovery (mean 14- 1 ±0-88), the number (mean 7-8 ±0-56) or proportion of ova 
recovered (overall recovery rate 798/1432, 56%). There were significant effects of time of 
insemination, site of insemination and dose of inseminate on the proportion of fertile ewes 
(ewes with fertilized ova per ewes inseminated) and the ova fertilization rate (ova fertilized 
per ova recovered). The proportion of fertile ewes and the fertilization rate of ova were 
higher for inseminations 44 h (31/49, 63% and 183/411, 45%) than 68 h (20/53, 38% 
and 73/387, 19%) after pessary removal (P< 0-001). 

As there were no interactions between time of insemination and any of the other 
treatments, the data for site of insemination and dose of inseminate pooled for time of 
insemination are presented in Table 1. More ewes were fertile after oviducal than after 
intrauterine insemination (P<0-05), and for high (10* and 10^) than for low (10"* and 10^) 
doses of spermatozoa for intrauterine (P<0-05) but not oviducal inseminations. Fertil- 
ization of ova was better after oviducal than after intrauterine inseminations (P<0-001), 
and for high than for low doses of spermatozoa (P<0-001). 



Table 1. FertUc 


! ewes (No. of ewes 


1 with fertilized ova/inseminated) t 


ind fertilization of 


ova (No. of ovi 


I fertilized/recover 




le inseminaUon of 






th different doses of fresh sperma 




Site of insemina: 


tion Dose 


Fertile ewes Fertilization of ova 




(total sperm) (%) 


(%) 


Oviducts 




8/12 (67) . 


42/118 (36) 






7/12 (58) 


26/82 (32) 




10« 


9/13 (69) 


41/72 (57) 




10' 


7/14 (50) 


53/93 (57) 


Uterus 


Iff* 


2/12 (17) 


3/106 (3) 




105 


4/13 (31) 


18/123 (15) 




10« 


8/13 (62) 


47/108 (44) 




10' 


6/13 (46) 


26/96 (27) 



Experiment 2 

None of the treatments affected the number of recent ovulations observed at the time 
of ova recovery (mean ll-2±0-66). However, the number (P<0 01) and proportion of 
ova recovered (P<0 001) were lower for oviducal (least-squares mean 5-5±0-67 and 
309/642, 48%) than for intrauterine inseminations Geast-squares mean 8-2 ±0-68 and 



449/613, 73%). 
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T.hl^'/ p''°"'°"' °^ ^'f ' ^'^ ^"""'""'^ this experiment are presented in 

Iv^'f ^i r^lf " '""^i^"- »' ova/insenuna«ed) and fertilization of ova (No of 
ova fertdued/recovered after ovidnca, and intrauterine insemination of snperovuiated ewL U 
d'tferent doses of fresh and frozen-thawed spermatozoa 



Site of insemination 



Dose 
(total sperm) 

5x10^ 
10* 

5x10^ 
10* 



Fenile ewes (%) 
Fresii Frozen 



Fertilization of ova (%) 
Fresh Frozen 



7/9 (78) 
6/9 (67) 
8/10 (80) 
3/8 (38) 
4/9 (44) 
3/10 (30) 



7/10 (70) 
10/10 (100) 
0/9 (0) 



38/61 (62) 
21/28 (75) 
31/42 (74) 
6/94 (6) 
24/69 (35) 
11/78 (14) 



22/50 (44) 
28/59 (47) 
44/73 (60) 
0/56 (0) 
2/57 (4) 
19/95 (20) 



Both intrauterine and oviducal insemination have been reported to overcome the low 
2,d mL^^Tot^ °f -«h exogenous gonadotropins (Troun o" 
ZT Z r ' '^^'^ ■'"'"'^"^ ^'^ Evans 1991). The present studj 

confirmed the .mportance of site of insemination and time of semen deposition relative to 
P oges tagen wuhdrawaL It also showed that fenilized ova can be obtained after deposition 
rati obtled Th" °' superovulated ewes. However, the overall fertilizatio^ 

expenment In addition, the cleavage of ova 48 h after insemination may not be a reliable 
indicator of their subsequent viability. uc a rcuaoie 

The lowest previously published inseminate dose for superovulated ewes was 2xlO« 
froTnThawedTf r'' ^ '''''''^ fertilization rates of 39 and 60% for 

frozen-thawed and fresh semen respectively (Walker et al. 1984). The minimum effective 
inseminate dose for oviducal insemination in our study was between lO^lTlo' Sra! 

jrnTw^i^Se r" ' — — - 

(22?nH°ui."''"f' °" ""'^y "^'^^ intrauterine insemination were low 
tSse r Jo?h'h w'',r'"'' ' ""'^ - ^«^P^«i-^ly). although fertiUzation rates similar to 
?abTesTLd 2^^^^ ^''''^ ^^""^ experimental treatments^s e 

Tables 1 at^d 2). It may be that intrauterine inseminate doses in excess of lO** spermatozoa 
are generally required to obtain adequate ova fertilization. Alternatively, fhe general 

-;''^.P--t study may have interfered with sp';rm trS" 
and/or viability ,n the reproductive tract, as intrauterine insemination by laparoscopy is 
normally conducted under local anaesthesia. No explanation can be given for the re atWely 
.rExTe'riment", "'""^^""^ °' ^^h 10^ spermrzoa 

Ova fertilization rates are usually 20-30% lower with frozen than with fresh semen 
(Hunton et al. 1986). particulady when low doses of frozen-thawed spermatozoa « 10 x 10« 
motile) are deposited (Jabbour et al. 1988). Jabbour et al. (1988) obtained highe^ates of 
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fertilization with 6-2 x 10* and 3 • 1 x 10* fresh motile spermatozoa (14/15, 93% and 23/23, 
100%) than with the same doses of frozen-thawed semen (14/32, 44% and 21/31, 68%) 
deposited in the uterus, and recommended that doses in excess of 6-2x10* motile sperm 
were probably necessary if frozen-thawed semen was to be used in superovuiated ewes. 
We were unable to confirm an optimum inseminate dose range for frozen-thawed sperm- 
atozoa in the present study. However, we were able to obtain 60% of ova fertilized when 
10* frozen-thawed spermatozoa (equivalent to 3x10^-5x10^ motile spermatozoa) were 
deposited by oviducal insemination, suggesting that inseminate doses lower than those 
recommended by Jabbour et al. (1988) may be effective if placed in the oviduCTs. 

High fertilization rates, and therefore high yields of embryos, are also dependent on the 
time of insemination, and that timing often influences both fertilization and ova recovery 
rates. Recovery rates are generally lowest, but fertilization highest, when intrauterine 
inseminations are performed close to the time of ovulation (Walker et al. 1989; Hunton 
et al. 1986). 

In the present study, two times of insemination were examined in an attempt to com- 
pare the effects of aged spermatozoa (insemination before ovulation) with aged oocytes 
(insemination after ovulation) in superovuiated ewes. We timed our inseminations to be 
approximately just before or after ovulation. The 44-h insemination time was chosen as 
equal to (20-25 h after induced preovulatory luteinizing hormone (LH) surge: Gumming 
et al. 1971) or just before the estimated time of ovulation (42-54 h after progestagen 
withdrawal: Maxwell et al. 1990, Ryan et al. 1992). The majority of ovulations would 
have been completed by the time of the 68-h inseminations (Ryan et al. 1992). This was 
supported in Experiment 1 by an observation of the number of recent ovulations at the time 
of insemination and at ova recovery; approximately 30% of follicles had ovulated at 44 h 
compared with 90% at 68 h after progestagen withdrawal. However, it was not possible 
to distinguish between unovulated and supernumerary follicles at the time of insemination. 

In our study, recovery rate was not affected by insemination time, but fertilization rates 
were lower for inseminations performed 68 h compared with 44 h after pessary removal. 
Robinson et al. (1989) obtained higher fertilization rates at 48 and 60 h than at 36 h, but 
Walker et al. (1984) reported no difference in ova fertilization rate when intrauterine 
insemination was undertaken at 54 or 64 h after progestagen withdrawal. However, these 
differences in fertility may be partly attributable to variation in the precision and timing of 
ovulation associated with the different superovulation regimes. The use of GnRH may 
improve the synchrony of ovulation (Robinson et al. 1989; Walker et al. 1989) and thus 
allow the use of lower numbers of spermatozoa, but we did not investigate superovulation 
regimes without GnRH. 

Superovulation is known to impair both sperm transport and viability following vaginal 
or cervical insemination (Evans and Armstrong 1984; Hawk et al. 1987), and possibly also 
after late (Jabbour and Evans 1991) or early intrauterine insemination (Robinson et al. 
1989). Late insemination may be associated with abnormal fertilization of eggs (Killeen 
and Moore 1970) or failure of fertilized eggs to cleave (Jabbour and Evans 1991). The 
inseminations performed at 68 h after pessary removal in the present study may have been 
too late in some ewes in which ovulations occurred well before the time of semen deposition. 
This may be particularly important when frozen-thawed semen is used, as the freeze-thawing 
process also reduces the viability of spermatozoa (Maxwell et al. 1990). Moreover, it has 
been suggested that the utero-tubal junction may act as a barrier to the transport of 
frozen-thawed spermatozoa if superovuiated ewes are inseminated in the uterus after 
ovulation (Jabbour et al. 1987). We were unable to confirm this in our experiments, 
as all inseminations with frozen-thawed semen were performed at 44 h after progestagen 
withdrawal. 

The results of this study confirm that it is probably important to deposit semen close 
to, but not coincident with, the median time of ovulation to obtain maximum fertilization 
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of ova as well as minimizing the loss of ova from surgical manipulation, particularly when 
oviducal insemination is used. We have also demonstrated the importance of deposition 
of semen as close as possible to the site of fertilization when numbers of spermatozoa are 
limiting, as exemplified by the differences in ewe fertility and fertilization of ova between 
intrauterine and oviducal inseminations. 

Robinson et al. (1989) found that intrauterine insemination reduced the recovery rate 
in comparison with cervical insemination, but they obtained poor rates of ova fertilization 
from the latter insemination method. Our lower recovery rates from oviducal compared 
with intrauterine inseminations in Experiment 2 suggest that the general handling of the 
reproductive tract and stress to the ewe associated with the laparotomy procedure interfered 
with normal ova capture and transport of ova by the oviduct. This is attributable to the 
surgical procedure rather than the anaesthetic, as the same anaesthetic was used for both 
types of insemination. 
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SUCCESSFUL LOW-DOSE INSEMINATION 3V A FIBEROPTtC 
HNTiOSCOPE TECHNIQUE iN rrfE SOW 

£^A. Manag:. J.M. Vazquez. J.L. Vaznuez. X. Lucas. NLA. Gil L PamlSa y«i j. Roca 
Deparinent of .-Vniicai Pathoiogy, University of Murcn 30071, Murcia, Spadn 

A large '/olume insenanaticn dose soiuaming a large nuiriser af spenratozoa (2,000- 
3,000 miilior.) ■£ recocanttced to actacvc good fcraliry results in sows. Hoviever. :: is imown 
that onlj- IC aiifion spennaiozoa are sufficiesi lo oboin acceptable pregiianc>' rales when semen 
is 'jiirodBcad yjrgically iiuo liae viieroiubai juncticn. Recent^, *c have developed a iiberoptic 
eodoscope tcckniqus for deep uterine tiorn Lnsc-rumlicn, as close as possible to tiu uterotufaai 
jurcnon, withoui scczton of the femaic. With tiiis tecanique. it is possfox to pass the cervical 
s&qaI sad reach the depth of one uicriae bom in 3-7 miE in afaoui 90% of tbe sows. 

The objective of this rtudy was to dctenaine the eSwtivenesa of iascminating sows with 
lew nmbe:^ of spennalozoa using a abcroptic endoscope technique under field conditions. 
Three sexuaflv-mature hj-brid bears of proven fertjlit>- 2r.d with satisfcctory sccnca 
eijaracteristjcs in the SO wk precedics the experimera were sglcried as semen donors. 
Iirenediareiy after collection, spcnn-ricfa fractions ot sjaculates -we diluted -.0 1,000 miilion 
spetmatozoa/mL in BIS dilueau The spenn suspcnsioto iotn 'ht three ooars were mixed and 
resuspended in 3TS diiuest to give inseminauon doses of 1,000. 200 or 50 aillion nixed sperm 
ceils in S 3iL of diiuesi. Forty-six isulaparous, cammerciai crossbred sow.'s (pariy 3-6) were 
used in the experiment. Twctry-xur hours ifter weamcg (approjamately 3 u: 4 wk ailer 
arrowing), all sows were ii^ecied with 1,250 iU sCG (Foiligonaa; Intcrvcl IntensatsDnai 3.V., 
Boxcacr, The Netherlands) ftir stinxiatisn of Ibilicuiar growth. Ovulations were induced by im 
applicaxion of 7S0 IU hCG (Chonion: Itisrvei Interaationai B.V.. 3cxs2ccr, uie Netifirlands) 
72 h aitcr the cCG injscum. The aninais were insezninated 36 h after hCG injeciioa 
Inseminations 'vere performed using a !i«di£ec. sitificiai inscminatioa spiter.c to produce a 
cervical lock and to assist in manipulating a specially designed flexicle Swrscopc (workiag 
!«igth 1.35 m, outer diameter 3.3 mm, iastruaaeoi chanaei 1.2 mm) wiiich was iascitsd ihrotigh 
tfcs spirdte and moved through the :ervical canai into uje uterine here Silicon spray 'jras used to 
hibricaie :ae spiral end of the spirette and tbe sndoscope. If after entering one uterine hom "*e 
■ fcund difficulty in visuaiizxg the entry of ±e other hom, anilaieial inseaia^tioc was perforrasd. 
Senwi samples (5 niL) were infiised into one uterr^e hom by ^ r/rjge attached :o th; iijstnicjco: 
efaannei of t.^ie nberoptic endoscope. Tncn. 5 niL of BTS diluent was 'Jsed to flush the re maining 
spenn suspensbn out of the 3beroptic er.doscope. Sows were scanned with a 5 MEz sector 
scanner 24-28 d after inscnunaiion to determine tn= prcg.Tancy rates and were nanagsd until 
parusitiDn to determine the liner size. Data were cvahiaied by chi-squsse test and ANOVA. 

Pregnancy rates were 1 3/1 5 (86.5%), 16.': 8 (8S.9°/o). and 12/13 (92.3%) for 1.000,-200 or 
50 Doiflioii sperm per inscminatio.-i. respectively. Average litter sizes (mesc ± SEM) were 9.61 ± 
0.29, 9.75 ± 0.31 and 9.41 ± 0.3S, respecti^'ei>. Differences in pregnant rates and litter sizes were 
not signincant. Farther experiments are underway tn determine crirtcai spenn numbers to 
aaintain a reasonable fenility. level for ijiotocfanologies such as spcnn soning where the nimte 
of viaijle speitcatozoa is .xduccd. 

Supported by ELUEKA project i;£U 1713}. 
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ttysteroscopic insemination of mares with xex-sorted ijjermatozoa 



1 Summary 

2 Mares were inseminated with low numbers ofunsexed and sex-sorted spermatozoa to c»m 

3 pregnancy rates when using hysteroscopic insemination and deep intramerine insemination. 

4 Semen was collected with an artificial vagina from 2 stallions of known acceptable fertility. 

5 Estrus was synchronized (June-Juiy) in 40 mares, ages 3-10. by administering lOmL altrenogest 

6 orally for 10 consecutive days, followed by 250 fig cloprostenol i.m. on day 1 1. All mares were 

7 given 3000 iu hCG i.v. atthe time of insemination to induce o^'ula^ion. Mares were randomly 

8 assigned to 1 of 3 treatment groups; Group 1 mares (n=10) were inseminated with 5 x 10* 

9 spermatozoa deposited deep into the uterine horn with the aid of ultrasonography. Group 2 

10 mares (n=10) were inseminated with 5 x 10* spermatozoa deposited onto the utero-tubal junction 

1 1 papillus via hysteroscopic insemination. Group 3 mares (n=20) were inseminated using the 

12 hysteroscopic technique with 5x10* sexed spermatozoa. Spermatozoa were stained with 

13 Hoechst 33342 and sorted into X and Y chromosome-bearing populations based on DNA content 

14 using an SX MoFlo® sperm sorter. Pregnancy was determined ultrasonographically at 16 days 

15 post ovulation. Hysteroscopic insemination resulted in more pregnancies (5/10 = 50%) than did 

16 the ultrasound-guided technique (0/10 = 0%; P<0 .05) when non-sorted sperm were inseminated. 

17 Pregnancy rates were not significantly lower (P>0.05) when hysteroscopic insemination was 

18 used for sorted (5/20 = 25%) and non-sorted spermatozoa (5/10 = 50%). Thus, use of sex-sorted 

19 stallion spermatozoa at low numbers in combination with hysteroscopic insemination is capable 

20 of fertilization and producing pregnancies of the predetermined sex. 

21 Introduction 

22 High-speed sperm sorting using flov^' cytometry has been used successfully to produce 

23 normal ofEspring in horses (Buchanan et al, 2000. Schmid et al, 1998), caftle (Seidel et al. 
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24 1998), shegp (Cran et ai, 1997), rabbits (Johnson et al., 1989), humans (Fugger, 1999), as well 

25 as in several other species, and ne^^' methods are being developed to enhance the application of 

26 this new technology. 

27 The most limiting factor in optimizing the success of artificial insemination with sex- 
28_ selected semen is the low number of spermatozoa. available after sorting. The minimal 

29 recommended dose for conventional artificial insemination in the mare is 500 x 1 0* 

30 progressively motile sperm (Pickett et al. 1989). Due to the currently low sort rate of around 

3 1 700 spermatozoa per second, it would take several days to obtain the recommended dose of 

32 spermatozoa for artificial insemination. This is not only impractical, but the viability of the 

33 spermatozoa would also be significantly reduced. Therefore, low-dose insemination techniques 

34 must be developed to reduce the number of spermatozoa needed to maximize ferJliiy (Buchanan 

35 er ci, 2000; Morris er a/„ 2000). 

36 The use of the videoendoscope as part of the clinical examination of the mare's 

37 reproductive tract (Bracho- and Allen, 1992) has enabled a relatively simple, rapid and 

38 atraumatic procedure to be developed for the deposition of low numbers of spermatozoa directly 

39 onto the papilla of the uterotubal junction (Morris et al, 2000). Hysteroscopic insemination of 

40 as few as 5 million spermatozoa onto the papilla of the uterotubal junction resulted in a 

' ... Jl 

41 pregnancy rate of 75%, which is similar to that obtained with conventional intrauterine artificial 

42 insemination (Morris er a/., 2000). This dose is only 1/1 00th of that used for com-entional ^^'^ 

43 uterine insemination, and represents a sufficiently small nimiber of spermatozoa that can be 

44 sorted into X and Y chromosome bearing fractions in a reasonable time frame. At current 

45 sorting rates. of 2.5 million cells per instrument (MoFlo®) per hour, spermatozoa could easily be l^. 

46 sorted within 4 hours for hysteroscopic insemination. A similar insemination method for low r'' 
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47 numbers of sex-sorted ram spermatozoa has been used to produce successful pregnancies in ewes 

48 (Cran era/.. 1997). 

49 The two objectives of this study were: 1) to compare the pregnancy rates after insemination 

50 of 5 X 10^ spermatozoa deep into the uterine horn with the aid of ultrasonography (Buchanan ct 

51 al., 2000), or after deposition of the spermatozoa onto the papilla of the utero-tubal junction 

52 usmg hysteroscopy, and 2) to compare the pregnancy rates of mares inseminated vAih either 5 x 

53 10^ non-sorted spermatozoa or 5 x 10^ sex-soned spermatozoa. 

54 . 

55 Materials and Methods 

56 Two Arabian stallions (4 and 6 years old) of proven fenility were used in this 

57 experiment. Semen was collected using an artificial vagina {CSV, Animal Reproduction System, 

58 Chino, CA) with an in-line gel filter, from each stallion on alternate days throughout the duration 

59 of the project. After collection, the semen was evaluated for gel-free volume, motility, and 

60 sperm concentration. Samples were extended at a ratio of 1 0: 1 (extender: semen, v/v) with pre- 

61 warmed HBGM-3 (Parrish et aL, 1988) and centrifuged immediately at room temperature for 15 

62 minutes at 400 x g to concentrate the spermatozoa. After centrifugation, the supematsnt 

63 containing 90'/o of the seminal plasma was removed, leaving a soft sperm pellet for fiirther 

64 processing. 

65 The oestrous cycles of thirty-four light horse type mares in good body condition and 

66 raneing from 3 to 10 years of ags, were synchronized by administering a synthetic progestagen 

67 altrenogest (0.044mg/kg p.o., Regumate, Hoechst Roussel Vet., Warren, New Jersey, USA) daily 

68 for 10 consecutive days. Luteolysis was mduced with the prostaglandin analogue, cloprostenol 

69 (250ng Estrcmaie, i.m; Bayer Corporation, Agriculture Division, Shav/nee Mission, Kansas, 

70 USA) administered on the eleventh day. The mares' ovaries were examined uhrasonographically 

71 every second day until a follicle > 30rani diameter was detected. Tncn the marcs with large 
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12 follicles were examined each morning xmtil a follicle > 35nim x 35mm was detected. These 

73 mares were randomly assigned to one of the following three treatment groups and inseminated 

74 the same afternoon. 

75 Preparation of the inseminate was the same for treatment Groups A and B. After 

76 centrifugatioiL the semen was dihrted to provide 100 x 10^ spermatoaaa/'ml in a commercial 

77 skim milk extender (EZ-Mixin CST®, Animal Reproduction Systems, Chino, CA). The sperm 

78 suspension was protected from light and maintained for 6 hours at room (20 - 25°c) temperature 

79 TO simulate the time needed to sort the spermatozoa for treatment group C. The sperm 

80 suspension was then centrifiiged through a 45:90% Percoll (Sigma Chemical Co., St. Louis, MO, 

81 USA) discontinuous density gradient to reconcentrate the cells and to select a highly motile 

82 fraction of spermatozoa. The 90% Percoll was diluted at a ratio of 1 : 1 (v/v) with HEPES- 

83 buffered Tyrode's medium (Grendahl et al., 1996) to make a 45% solution. In a 15-mL 

84 centrifuge tube, 1 mL of 45% Percoll was carefully layered on top of 1 mL of 90% Percoll, then 

85 1 mL of the sperm suspension (100 x 10^ sperm/mL in EZ-Mixin, CST) was layered on top of 

86 the Percoll layers, and the tube was centrifiiged at 800 xg for 12 minutes. After cenlrifiigation, 

87 the supematent was completely removed and the pellet was resuspended in 600ul HEPES- 

88 buffered Tyrode's Medium. The sperm concentration was determined using a Densimeter (534B 

89 MOD-1, Animal Reproduction Systems, Chino, CA) and the required volume to deliver 5 

90 million motile spermatozoa (~100^1) was calculated and prepared for insemination. 

91 Treatment Group A - Ten mares were inseminated with 5 million fresh, non-sorted spermatozoa 

92 using an ultrasound-guided technique (Buchanan et al., 2000). The inseminate was deposited at 

93 the cranial tip of the utenne horn ipsilateral to the preovulatory follicle using a disposable 

94 implant gun designed for use with 0.5-mL straws (\'eterinary Concepts, Green Valley, WI). The 
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95 location of the implant gun -wTthin the uterus was confirmed by transrectal ultrasonography prior 

% to ^erm deposition (Buchanan et al, 2000). 

97 Ireztmtnt Group B - Ten mares wot inseminated with 5 million fresh, non-sorted sperm using 

9!J the hysteroscopic insemination technique (\iorris el al, 2000). The inseminate was prepared by 

99 the same method used for treatment Group A. The predetermined dose was then aspirated into 

100 an equine GIFT catheta- (Cook Veterinary Products, Brisbane, Ausffalia) using a 6-mL 

101 disposable sjTinge attached to the injection port on the distal end of the catheter. The loaded \ 

102 catheter was withdrawn into an outer polypropylene cannula, which was then passed down the 

103 woridng channel of a Pentax EPM 3000 \'ideoendoscope (Pentax UK Ltd, Slough, Bucks UK). 

104 The flexible endoscope (1.6m long with an outer diameter of 12 mm) vrss guided through the 
103 cers'ix and propelled forward through the uterine lumen of the mare (Bracher and Allen, 1 992). 

106 Under visual control the endoscope was directed along the uterine hom ipsilateral to the ovar>' 

107 containing the preovulatory follicle. When the tip of the endoscope came to within 3-5cm of the 

108 papilla of the utero-tubal junction, the outer cannula, and then the inner GIFT catheter containing 

109 the sperm suspension, were extruded from the working channel of the endoscope until the tip of 

1 10 the GIFT catheter touched the papilla. The plunger of the syringe was then depressed to depcsh 

111 the small volume (--100|il) of the inseminate onto the surface of the papilla (Figurel). The 

1 12 endoscope was steadily withdrawn from the uterus while simultaneously evacuating the fihered 

1 13 air that had previously been mtroduced to facilitate passage of the instrament through the uterine 

114 lumen. 

1 15 Treatment Group C - Twenty- mares were inseminated with fresh sex-sorted spermatozoa using 

1 16 the hysteroscopic technique described for Treatment Group B. The concentration of the 

1 17 spermatozoa after centrifligation was determined using the Densimeter®, and a volume of 
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118 HBGM-3 was added to provide a sperm concentration of 400 x 10^ spermatozoa/raL. One mL 

119 of the sperm suspension was stained with 25 nl Hoescht 33342 (5 mg/mL DDH2O) and incubated 

120 for 1 hour at 34°C. The stained samples were thai diluted to 100 x 10* sperm/mL for sorting by 

121 the addition of 3 mL HBGM-3 containing food coloring (2til/mL of 1% FD&C #40). The 

122 samples were then filtered through a 40 ^im filter into 6-mL polypropylene tubes and held at 

123 room temperature until fiiither use (Johnson, 1997). Argon lasers, emitting 150 mW at 

124 wavelengths of 351 and 364 imi, were used on each of two Cytcmation Morlo (Cjlomation, 

123 Inc., Fort Collins, CO, USA) flow cjlometer/cell sorters modified for sperm sorting at 50 psi \^ 

126 The sheath fluid was HBGM-3 without BSA Spennatozoa were sorted at approximately 700 

127 live spermatozoa/sec into 50-niL centrifuge tubes. For 14 mares, the sex-sorted spermatozoa 

128 were collected into tubes containing 4 mL of a commercial skim milk extender (EX-Mbdn 

129 CST®) as catch fluid. The remaining 6 mares were inseminated with spermatozoa colleaed into 

130 tubes containing 4 mL of skim milk and egg yolk extender (Squires et al, 1 999). Tubes of X- 

13 1 bearing spermatozoa and Y-bearing spermatozoa were pooled separately from each flow 

132 cytometer, and centrifuged for 20 minutes at 850 x g at 22"C. The supematent was aspirated to 

133 leave a 200jil sperm pellet. The pellet was then resuspended in lOOjil HEPES-buffered Tvrode's 

134 medium containing 6% BSA. The final spoTn concentration was calculated afier counting the 

135 spennatozoa using a hemacytometer. The samples were then diluted to a final concentration of 

136 50 X 10^ spermatozoa/mL in HEPES-buffered Tyrode's medhim containing 6% BSA, The J 

137 predetemuned volume (lOOjiI) was then loaded into an equine GIFT catheter and inseminated 

138 using the same hysteroscopic technique described for treatment group B. 

139 Ovulation was induced in all mares by the administration of 3000 i.u. human Chorionic 

140 Gonadotropin (hCG, Chorulon, Intcrvet, Inc., Millsboro. Holland), administered intravenously at 
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141 the time of inseinination or up to a maximum of 8 hours previously. Each mare was inseminated 

142 only once, on the side ipsilateral to the ovary containing the dominant follicle. After 

143 insemination, mares were examined daily by ultrasound until the day of ovulation. Pregnane}' 

144 examinations were determined ultrasonographically on days 12, 14, 16, 25, and 35 after 

145 ovulation (day of ovulation=0). Pregnancy status was determined using Day 16 examination. 

146 Differences in pregnancy rates were detected using Chi-square analysis of the resuhs. 

147 The diffierences were regarded as significant if p<0.05. 

148 

149 Results 

150 There were no significant differences between the stallions in the final pregnane}- rates 

151 (Stallion A = 6/19, 31.5%; Stallion B ■= 4/21, 19%) and so the results were combined S-om the 

152 two stallions. Ivlares inseminated with the aid of the videoendo scope had significantly higher 

153 pregnane}' rates than those inseminated at the cranial tip of the uterine horn using the ultrasound 

154 guided technique (Table 1). 

135 None of the mares inseminated using the ultrasound guided technique became pregnant 

156 compared whh 5 out of 10 mares inseminated with non-sorted spermatozoa using the 

157 videoendoscope. Pregnancy rates were similar for mares inseminated with fresh non-sorted 

158 sperm (50%) and sex-sorted sperm (25%) after insemination using the videoendoscope. 

159 When the pregnancy rates for the two non-sorted treatment groups (A and B) were 

160 combined, they were equivalent to those obtahaed with the sorted spermatozoa. The pregnancy 

161 rates were significantly higher in the mares inseminated with the hysteroscopic technique ( 1 C/3 0 

162 mares) compared with no pregnancies obtained with the ultrasound guided technique. 
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163 One mare mserainated with Y-bearing sperm lost her pregnancy by 35 days after 

164 ovulation and therefore the sex of the fetus could not be determined. One mare inseminated with 

165 X-bearing sperm was euthanized 18 days after ovulation due to a gastro-intestinal problem. The 

166 conceptus was flushed prior to euthanasia of the mare, and PGR analysis (Peippo et al, 1995) 

167 revealed it as a female, the expected sex. 
168 

169 Discussion 

170 Based on the results of this experiment, hysteroscopic insemination directly omo the 

171 papilla of the uterotubal junction is the preferred method for insemination of mares, with not • 

172 only low numbers of spermatozoa (Morris et al.. 2000), but also with low numbers of sex-sorted 

173 stallion spermatozoa. Normal pregnancies were established from 10 inseminations (30%) using 

174 only 5x10^ sorted or 5 x 1 0^ non-soned spermatozoa (SO'/s). On the other hand, no 

175 pregnancies were obtained after insemination with the ultrasound guided technique (Buchanan et 

176 al., 2000) using similarly low numbers of non-sorted sperm. The results of the ultrasound guided 

177 deep intrauterine insemination technique differ frnm those obtained originally bv Buchanan et al. 

178 (2000), vv^o achieved a 35?^ pregnancy rate using 5x10^ non-sorted spermatozoa. The reason 

179 for this difference is unclear, but it may be due to the additional sperm processing through the 

180 Percoll gradient and the lower volume of the inseminate used in the present experiment, or it 

181 may be due to the use of different stallions and/or technicians. It is speculated that the low 

182 voliune (~ 1 OO^il) of the inseminate used for the hvsteroscopic insemination has a beneficial 

183 effect of niaintaining the spermatozoa on the uterotubal junction. However, for deep \ ^'^ <1 

184 insemination, a higher volume (~ 500^1) may be required to facilitate passage of the spermatozoa 

185 to the site of fertilization in the oviduct. 
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186 There appeared to be several advantages to using the hysteroscopic insemination 

187 technique. Firstly, the inseminators were able to more precisely deposit sperm directly onto the 

188 uterotubal papilla, thus minimizing the loss of the inseminate into the endometrial folds and deep 

189 crypts fo^^d in the uterus of the estrous mare. In contrast, when the deep inuauterine technique 

190 (Buchanan et a!., 2000) was used, the inseminators could not be sure of the precise location of 

191 sperm deposition. Even though the location of the tip of the pipette was observed 

192 uhrasonographically, this provided only a rough estimation of the exact location of the pipette at 

193 the time of insemination, since the utercjtubal junction could not be visualized by ultrasound. In 

194 addition, the location of the uterotubal junaion was observed to be quite variable during 

195 hysteroscop}', which might decrease the precision of semen deposition using the uitrasound- 

196 guided technique. 

197 Furthermore, while guiding the endoscope through the lumen of the mare's uterus, the 

198 inseminators could minimize damage to the uterine wall. Howe\'er, in the ultrasound-guided 

199 technique (Buchanan et aL, 2000), passage of the pipette through the lumen of the uterus relied 

200 solely upon manipulation of the pipette and the uterine horn per rectum, and irritation and 

201 damage to the endometrial wall may have occurred. This damage may create an inflam.ed uterine 

202 e^^^ronme^t, which would be detrimental to both the sperm viabilit}' and subsequent fertilization 

203 and embryonic development. 

204 Nevertheless, potential problems may still arise during the hysteroscopic procedure. For 
203 example, the endoscope can easily become r»visted during passage in the uterus of the mare, 

206 resulting in a disorientated video image, and the spermatozoa may be accidentally dcposhcd in 

207 the uterine horn contralateral to impending ovulation. Indeed, in this study, one mare was (^ ^ 

208 excluded after the scope was determined per rectal palpation to be in the contralateral uterine 

209 horn. From this experience, we believe that h is necessary' to verify the location of the scope \ 

210 within the uterus, per rectum, prior to sperm deposition. 

211 Furthermore, additional care must be taken to avoid post-inscmination endometritis when 

212 utilizing the videoendoscope. In our experiment, only one mare was found to have uterine 
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213 inflammation following insemination. The low incidence of endometritis observed in this study 

214 was due to strict attention to vulval hygiene, cleaning of the endoscope between mares, the use of 

215 a very small volume of semen, and insemination of the mares prior to ovulatioa It is also \ 

216 necessary to remove the air from the lumen of the uterus immediately after insemination to j 
in reduce the irritating effects that air may have on the endometrium (Caslick, 1937). In some 

2 18 cases, it was considered advantageous to gently massage the uterus per rectum to expel the ^ 

219 excess air through the cennx of the mare. J 

220 There were no significant differences in the pregnancy rates of mares inseminated wkh 

221 non-sorted and sex-sorted sperm in either the present study or the original ultrasound gjided 

222 insemination technique study (Buchanan et al., 2000). Recent studies b cattle with larger group 

223 numbers have shown similar pregnanc>' rates with both sorted and non-sorted sperm (Seidel et 

224 al., 1998). When the results were combined from all previous trials inchiding the insemination 

225 of heifers with either sexed or non-sorted control spermatozoa, the pregnancy rates obtained after 

226 insemination of sexed sperm were within 90% of the non-sorted controls (Johnson and Welch, 

227 1999). 

228 Buchanan et a!. (2000) revealed a trend toward higher early embryonic loss rates in 

229 mares inseminated with sex-sorted sperm than in the control group. In the present study, 1 of 5 

230 mares (20%) inseminated with sex-sorted spermatozoa lost her pregnancy at 24 days after 

231 ovulation. This mare developed an embryonic vesicle that had a normal appearance at Day 16, 

232 however, on Day 22, an abnormally small conceptus was detected which contained a fenis, but 

233 no heanbeat. By Day 24, no vesicle was present. When using fresh, non-sorted semen, norma! 

234 early embryonic loss rates have "oeen reported to be 9% by Day 14 and as high as 16% between 
255 Days 20 and 50 (Squires, 1998). Therefore, embryonic loss in this study could be considered 

236 normal. Similarly, embryonic death rates in canle have not been increased after insemination 

237 with sex-sorted spermatozoa (Seidel el a!., 1998). When mares were mseminated with sex- 

238 sorted spermatozoa using the ultrasound-guided technique, three of the eight mares (3 8%) lost 
259 their pregnancies between 16 and 60 days after ONodation (Buchanan et al. . 2000). Hov.-ever, it is 
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240 unlikely that this increase in embryonic loss was due to the sorting process, as it was not repeated 

241 in the present study. Rather, the loss may have been due to inflammatory changes associated 

242 with endometrial damage incurred during the deep intrauterine insemination procedure. Further 

243 studies involving higher numbers of mares inseminated with sex-sorted sperm are needed to 

244 determine if embryonic loss will be greater in these mares than in those inseminated with non- 
243 sorted sperm. 

246 Another factor that needs further investigation in order to increase the efficacy of 

247 inseminating mares with sex-soned semen is determination of the appropriate number of sorted 

248 spermatozoa required for satisfactory fertility (Buchanan et al. , 2000, Morris et al, 2000J. The 

249 ideal insemination dose for sex-sorted stallion spermatozoa will involve Lhe lowest possible 

250 number of spermatozoa that can be used routinely tc produce fertility rates within 90% of those 

251 rates rssuhing from conventional artificial insemination. Current pregnancy rates from 

232 insemination with ssx-sortsd spermatozoa in the horse at 16 and 60 days after ovulation are, 

253 respectively, 25% and 20% when using 5 x 10^ motile cells, and 40% and 25% when using 25 x 

234 10^ total cells (Buchanan ^/ai, 2000). Since ±ese experiments utilized different insemination (£) 

235 techniques, a comparison between the two studies is not justified. In a recent study using 

256 hysteroscopic insemination techrjque, Morris el ai. (2000) rqjoned that insemination of only 

257 10^ Percoll-treated non-soned spermatozoa at the uterotubal junction resulted in satisfactory' 

258 pregnancy rates (64%), which were equivalent to those obtained by conventional intrauterine 
239 insemination. It is possible that a similar insemination dose could be used successfully with sex- 

260 sorted semen, but fcrther experiments arc necessary to determine the minimal sperm number. 

261 In this study, the inseminations were performed some 30 - 36 h pnor to the anticipated 

262 time of ovulation. Further investigation to determine the optimum time of insemination using 

263 sex-sorced spermatozoa is required. A major difference between the control hysteroscopic 

264 insemination group and the sex-sorted treatment group was that the sex-sorted spermarczoa had 

265 been processed over several hours through the flow cytometer, compared with the control semen 

266 which was maimained in a skim-milk based extender for an equivalent time period and then 
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267 centriiuged for 12 minutes through the Percoll density gradient. It may be that insemination of 

268 the sex-sorted semen al a time close to ovulation to compensate for reduced sperm longevity 

269 woixld improve the pregnancy rates. 

270 In summary, hysteroscopic insemination is a practical technique for insemination of low 

271 numbers of sex-sorted stallion spermatozoa. Hysteroscopic insemination at the uterotubal 

272 junction is a relatively non-invasive and straightforward procedure which can be undertaken in 

273 the majority of mares, and thus could be easily incorporated into many modem breeding centers. 

274 The use of this technology, coupled with high-speed flow-cytometric sorting (Johnson et al., 
273 1 989) in this trial, has produced 3 ^parently normal pregnancies of the predetermined sex using 

276 only 5x10^ motile spermatozoa. With continuing advances being made in these research areas, 

277 it is conceivable that this tedinology could be made available to commercial artificial 

278 insemination programs in the near future. 
279 
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338 Table I. 

339 Pregnancy rates for mares inseminated with unsorted and sex-selected spennato2oa. 

340 ' 



Treatment 



Number of pr^nant mares 
out of those inseminated 



Percentage of pregnant mares 
at 16 days after ovubtion 



Ultrasound, Non-sorted 0/10 

Hysteroscopy, Non-sorted 5/1 0 

Hysteroscopy, Sex-sorted 5/20 

Skimmilk 4/14 

Modified Skimmilk + Egg Yolk 1 /6 



50.0" 

28.5 
16.6 



341 ""^ Values with diflferent superscripts <liffer (P<0.05). 



03/07/00 
.A.CL 



15 



INSTRUCTIONS FOR AUTHORS 



Submission of Manuscripts 



Four copies of th; manuscript four sets of original iilustations and a disk versior. of tho manuscript 
should be sent to: 



The Managing Eiiitor 

Journal ofRcpmiucticn and FerUlitv 

22 hlncmmTkcl Rond 

CAMBRIDGE C35SDT 

UK 



Mnnuscripts should be accompanied by r. letter srating tiwt the work has not been and will 
not be submitted for publicntion elsewhere until the lounml has decided v/hethei Lo p.iblish 
the paper. Three copies o/ papers quoted as 'in press' in the reference list must be provided 
for the referees. Aiirhor; may give the names (if possible with the addresses, telephone and 
fnx numbers and email addresses) of up to ±nx scieiitistb working in the field of study of :he 
paper. These scientists may be asked to referee the paper and their names would then go into 
the database of referees tliat we are compiling. The Managing Editor is not responsible for 
loss or damage to manuscripts, illustrations and disks. 



Ma.nuscript5i should be double spaced thjoughout (including reference list and figure 
legends) on one side of the paf>er only, with at least 2 cm margins on all sides. Spelling should 
conform lo the Oxford EtigUsI: Dictionary. 

Pages should be numbcsiid and manuscripts shouid be arranged in tlie following order. Titio 
page, Summary", Introduction, Materials and Methods, Results, Discussioa Acknowledge- 
ments, References, Figure !egendE,.Figures and Tables. The lines should be numbsrcd down the 
left-hand edge of each page. 



A clean, freshly formatted 3.5 inch disk should be used. Tl^e disk should x labelled clearly 
witli the authors' names, disk file n/imes, the word processing package and whether it is s PC 
or Mac version. If possible, MS Word should be used, and a tex: only version of the file 
should be included. The text should be keyed in the Journal style; this is particularly 
important for the Reference section and for dif.'^erent levels of headings. 
All media ,?houid be screened for vi.njscs. If a disk witii n virus rm it is received, the data will 
not be processed. 



Preparation of Manuscripts 



Submission of Disks 



Title Page 




The title, authors' na ires and addresses should appear on r. 
separate title page. Surnames and initials should be given for 
authors. Superscript numbers after authors' names should be 
used for addresses and ' t ^ §... used for footnotes. A short 
title of not more than 5C characters should be provided ro be 
used as a running head for the paper. Tne person to when-, 
correspondence and requests for reprir.ts are ro be addressed 
should be indicated (include telephone, fa.x and emnii 
numbers). 



Tne iriroduciion should set the Ftutiy ir context by briefly 
reviewing relevant knowledge o: the subject. This should 
br followed by a concise statemert nf ihe ob)«:tives of the 



Materials and Methods 



Introduction 



Summary 



The summar}-, n single paragraph of not more than 250 
words, should state the objective of the study and the 



Th<- full bincrrjnl Latin narr.es should be given for al! experi- 
nie.-.'al erimnls other than common laboratory anrnnis. The 



breed or strain and source of nnimals should be stated r.nd 
detaiis of age, weight, sex and hoasing should be provided. 

EUiics ofExpLTimcnlntion 

Human subjects: Authors sliouid indicate ir, th,e text that 
investigations hnvc been approved by the local etl'iicnl ccm- 
rnittiK and that consent has beer, obtnined from patients. 
Aniniiils: Expe.-imta-.ts with animals should be periormu-' in 
accorclancc with L'K legal requircmens. Detaiis of procedures 
«nd nniicsthetics used and doses given should be provided . 

Mutliedi 

Sufficient in:orn:iction should be provided so that otiisr 
vvorlci-TS or. repaat ttie study. Lf well-established nx:thocs are 
used, a reference to tine tecimique should be given, hut full 
dctalte of any modifications should be provided. The source of 
chemicals, rragents and horincnes should be stared and tine 
manufactu.-w's name ajid location (tovi';i) should be given in 
parentheses. The generic name, dose and route or acmm- 
istrabcn should be given .'or drugs. Tine composition of buffers, 
solutions and culture media should be specific. SI symbols 
nr.ist be iiscc. Concentrations shtiuiti be ^ivcn in mol 1-. For 
inlernationnl un■l^ iu should be used (U .should be used tor 
enzyme activity). For solutions, the term % must be defined as 
w/vorv/v 

Slniisiicn! mtnly^es 

Audnors should give sufficien: Qc:ails o: the experimental 
design ?.nd analysis so Unat the trader can assess their 
•ndcquacy and validity for testing the hypotheses of interest. 
In particular, the numbers of experimental u:nit£ used and the 
way in whidn tr»ey have been allocated to treatments should 
bs described. If observations have been omitted from the 
analysis tl\i£ must be justified. Methods of anaiysis should be 
described prsciscly and any necessary assumptions stated 
clearly because these may affect the conclusions that can be 
drawn from the experiment. 



Results 

Results should be presented in text, tables and figures as 
appropriate. Das given in tables and figures should not be 
repealed in the tsxt. Tables and fig-jres should be cited in the 
text in nuir.eiical order. 



Discussion 

The irtcrprstation of results should be discussed, 
observations should be related to relevant studies nr.d the 
implicnticns of results /or future rssenrch shnuid be outluied. 
Results s.houlc not be repeated in this section. T:ne disrussicn 
should not be .-nore than 15% o/ the tot^l lengtli of the paper 



Adunovvledgement 

Acknowledgement of technical help and of rlnandal and 
material support may be mentioned in this section. 



References 

Please lansure that al: references citcc in tine text are included 
in the reference list and vice versa. The reference list snould 
contam only articles that are accessible to mos; scientists. 
Unpublished work, including personal communicahons, 
manuscrip-j; in preparation end manuscripts submiitcci bui 
not yi>t .ncrepted for publication, should be referi-ed to in ttno 
x-xl 1.1 tine loliowir.g way: (A. S:onc, unpubi-iilied) (J. IJrowu. 
personal communication). Arhdes that are accepted for 
publicatior. but arc not yet publislie^j may be li.sted as in 
press' in the reference list 

ii: tat. References :n t.he text should be cited in chronological 
order and cf nl. should be used for more than two authors, for 
exa.Tiple; 

( Dnvics rnd Smith. 1 ?96; Frost c' .7/., 1997; Wiliinms, 1 937). 

ir, rLferciKX list. References shcuid be cited in alpiTabctical 
order. Pr.pers by the same author should be given in the 
order (i; single author (ii) two authors alphabetically 
according to the name o.' the second autnor (iii; th.'ee or more 
authors dnronologicaliy, with (a) (b) and [c'l etc for papers 
published in the same year, in the order in which Ihey nrc 
cited in tine text. References to artic;e.<^ in journals should 
ir,cluce authors' names with initials, year of publication, full 
title of nrtide, journal title given in full, volume number, and 
first and last page numbers. References should be in the 
format of the following example: 

Newton H, Pegg DE, Berrass R and Gosden KG (199?) 
Osmotically inactive voiume, hydraulic conductivity,', and 
perm.cability :o dimethyl sulpho-xidc of human mattre 
oor/res joiirnai ofih-yrotlnctioii and fertility 117 27-33 

Reference tc books should include authors' names, year ot 
publication, chapter title, book tillc, edition number, page 
numbers, riames cf editors, name of publisher and city ox 
publication, for exemple: 

Byskov AG and HoyerPE (1994) Embryology o: ma.T.malian 
gonads and ducts. In Vk Pii-jsiologi/ oj Ryproduciion pp 75-56 
Eds E Knobil and JD Neill. Raven Press, New York 



Tables 

Tables should be concise and informative. Th.e title sincuid be 
a smgle sentence at the head of tine table and shcuid include 
the r.ame of the organism studied. Any additioTial 
explrjiator)' material should appear as footnotes cross- 
rcfcrenrcd ro tlic colunrxi entries. Tables should be self- 
contained, ic, not rccjuiring furtlncr cxolana'ion; :hev should 
be numbered (arabic numbers) and died in r.he text. Ail 
.nbbrcviations used in th.e tabic must bo explained in tne 
ftDOtnotes. Each column should have n short heading. 
Internal horizontal and vertical rules should not be used. 



Figures 

Eadn figure should be submitte'd on a sepzrate sncet; autlnors' 
names and f;gu!-e nu.Tiber should be given on a label or. the 



back of <sich figure. Figures arc relettercd by the printer. 
Section!! of figures should be labelled as (a) (b) etc. in the top 
left-hand comer. Figures may be submitted on disk, cps file: 
(saved with n preview) are preferred; fDes should be 
exported in Illustrator format. If Photoshop (tiff or joeg) files 
are supplied, images should be at least 300 ppi at final 
published width. 

I.iivilmi'in^s 

Originals should be double the size of eventual repro- 
duction. Preferred symbols are O • C ■ A A and symbols 
should be Lirge enough to be de.irly visible when the figure 
is reduced for publication. Figures s.'iculd net be enclosed in 
boxes. 

Half-tmies 

Four sets of half-tones should be provided as unmounted 
glossy prints. A guide to their arrangement should be 
provided. Hali-tones should be of high reso'.utior.; prints 
from original half-tones cannot be accepred. One set of 
originals without lettering should be provided. Magnification 
should be indicated by a scale bar on the bottom rigtit-hanc 
corner of the half-tone and the measurement given in the 
legend. 



Colour hnlf-toncs 

Colour half-tones arc acceptable without charge to the 
author at the discretimi of the Managing Editor and a 
member of the Editorial Board. 



Figure legends 

Legends describing Hie figures and giving kcvs to nrv 
symbols used should be submitted on a separate sheet. The 
name of the organism studied should be included and all 
abbreviations used in the figure should be explained in the 
legend. 

Abbreviations 

All abbroviatict\s, except those listed below, should be 

defined when first mentioned. 

Abbreviations that can be used without defini :icri; 



ANOVA 


BSA 


CAMP 


DNasa 


eCG 


EDTA 


EGTA 


EUSA 


FSH 


GnRH 


hCG 




HPLC 




IVF 


LH 


PBS 


RT-PCR 


SD3 


Tris 



XYIDS000293 



ANIMAL 
REPRODUCnON 
SCIENCE 



Low dose insemination of mares using non-sorted 
and sex-sorted sperm 

A.C. Lindse y"'*^, IE. Bruemmer'^, EX. Squires^-* 

* Animal Repwdttction and Bioucfinology Laboratory, ARBL Building, FbothiUs Campus, 
Colorado State Univerzity, Fort Collins, CO 80523, USA 
^ XY. Inc., 1108 f/. Umay, Fort Collins, CO 80324, USA 



Abstract 

Mares are generally inseminated with 500 million progressively motile fiesh sperm and approx- 
imately 1 billion total sperms that have been cooled or frozen. Development of techniques for low 
dose insemination would allow one to increase the number of mares that could be bred, utilize 
stallions with poor semen quality, extend the use of frozen semen, breed mares with scxed semen 
and perhaps reduce the incidence of post-breeding endometritis. Three low dose insemination tech- 
niques that have been reported include: surgical oviductal insemination, deep uterine insemination 
and hysteroscopic insemination. 

Insemination techniques: McCue et al. [J. Reprod. Pert 56 (Suppl.) (2000) 499] repotted a 21% 
pregnancy rate for mares inseminated with 50,000 sperms into the fimbria of the oviduct. 

Two methods have been repotted for deep uterine insemination. In the study of Buchanan ct al. 
rrheriogenology 53 (2000) 1333], a flexible catheter was insetted into the uterine hom ipsilateral 
to the corpus lutcum. The position of the catheter was verified by ultrasound. Insemination of 25 
million or 5 million spermatozoa resulted in pregnancy rates of 53 and 35%, respectively. Rigby 
et al. [Proceedings of 3nl International Symposium on Stallion Reproduction (2001) 49] reported 
a pregnancy rate of 50% with deep uterine insemination. In their experiment, the flexible catheter 
was guided into position by rectal manipulation. 

More studies have reported the results of using hysteroscopc insemination. With this technique, 
a low number of spermatozoa are placed into or on the uterotubal junction. Manning et al. [Proc. 
Ann. Mtg. Soc. Theriogenol. (1998) 84] reported a 22% pregnancy rate when 1 million spermatozoa 
were inserted into the oviduct via the uterotubal junctioa Vazquez et al. [Proc. Ann. Mtg. Soc. 
Theriogenol. (1998) 82] reported a 33% pregnancy rate when 3.8 million spermatozoa were placed 
on the uterombal junction. Recently, Morris et al. [J. Reprod. Pert. 188 (2000) 95] utilized the 
hysteroscopic insemination technique to deposit various numbers of spermatozoa on the uterombal 
junction. They reported pregnancy rates of 29, 64, 75 and 60% when 0.5, 1, 5 and 10 million 
spermatozoa, respectively, were placed on the uterombal junction. 
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Insenunation of sex-sorted spermatozoa: One of the majcv reasons for low dose insemination 
is inseminaiion of X- or Y-chromosome-bearing sperm. Through the use of flow cytometry, sper- 
matozoa can be accurately separated into X- or Y-beaiing chromosomes. Unfortunately, only 15 
million spams can be sorted per hour. At that rate, it would take several days to sort an insemination 
dose containing 800 million to 1 billion spermatozoa. Thus, low dose insemination is essential for 
utilization of sexed sperm. 

Lindsey [Hystetoscopic insemination with low numbers of fresh and cryopieserved flow-sotted 
stallion spermatozoa, M.S. Thesis, Colorado State University, Fbrt Collins. CO, USA, 2000] utilized 
either deep uterine insemination or hysteroscopic insemination to- compare pregnancy rates of 
mares insenmiated with sorted, ftesh stallion speim to those inseminated with non-sorted, fresh 
stallion spam. Hysteroscopic insemination resulted in more pregnancies than ultrasound-guided 
deep uterine insemination. Pregnancy rate was similar for mares bred with either non-sorted or 
sex-sorted spermatozoa. 

In a subsequent study. Lindsey et al. [Proceedings of 5th International Symposium on Equine Em- 
bryo Transfer (2000) 1 3] determined if insemination of flow-sorted spermatozoa adversely aifected 
pregnancy rates and whether freezing sex-sorted spermatozoa would result in pregnancies. Marcs 
were assigned to one of four groups: group 1 was inseminated with 5 million non-sorted sperms 
using hysteroscopic insemination; group 2 was inseminated with 5 million sex-sorted sperms using 
hysteroscopic insemination; group 3 was inseminated with non-sorted, frozen-thawed sperm; and 
group 4 was inseminated with sex-sorted frozen sperm. Pregnancy rates were similar for marcs 
inseminated with non-sorted fresh sperm, sex-sorted fresh spenn and non-sorted firozen sperm (40, 
37.5 and 37J%, respectively). Pregnancy rates were reduced dramatically for those inseminated 
with sex-sorted, frozen-thawed sperm (2 out of 15. 13%). These studies demonstrated that hystero- 
scopic inseminaiion is a practical and useful technique for obtaining pregnancies with low numbers 
of fresh spCTmatozoa or low numbers of frozen-thawed spennatozoa. Further studies are needed to 
determine if this technique can be used to obtain pregnancies from stallions with poor semen quality. 
In addition, further studies are needed to develop techniques of freezing sex-sorted spermatozoa. 
® 2001 Published by Elsevier Science B.V. 

Keywords: Sexed; Stallion: Sperm; Low dose; Artificial inseminatioa (Al) 



1. Introduction 

Generally, mares are inseminated with 5Q0 million progressively motile fresh spermato- 
zoa, approximately 1 billion total sperms that have been cooled, and 800 million to 1 billion 
spennatozoa that have been frozen and thawed (Squires et ai., 1999). This large sperm num- 
ber certainly limits the number of mares that can be inseminated with a single ejaculate. 
The uterus serves as a filter device that allows only a small percentage of the spermatozoa 
to reach the oviduct (Rigby et al., 2000). Of these spermatozoa, a very high percentage are 
morphologically normal. The majority of mares inseminated experience a post-breeding 
endometritis which is generally resolved by 24 h post-breeding. Some older mares may 
exhibit man severe post-breeding endometritis and accumulate fluid (Troedsson, 1999). 
The time required to resolve the post-breeding endomeuitis appears to be slightly longer 
for mares inseminated with firozen-thawed spermatozoa (Troedsson et aL, 1998). 

One possible means of diminishing the post-breeding endometritis would be to deposit 
the sperm directly on the uterotubal papilla at the anterior tip of the uterine horn ipsilateral 
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to the ovary containing the dominant preovulatory follicle. Insemination directly on the 
uterotubal junction may also be beneficial for situations where: frozen semen is in limited 
supply, semen from a subfertile stallion is being used, stallions are heavily booked and the 
number of spennatozoa are limited, and for insemination of sex-sorted sperm. 

Due to the current rates of sorting spermatozoa into X- and Y-chromosome-bearing 
populations, minimal numbers of sex-sorted spermatozoa are available far insonination. 
Deep uterine insemination is a proven technique in cattle that allows sperm numbers to 
be decreased without dramatically affecting fertility. Pregnancy rates after insemination of 
sex-sorted sperm currently are within 70 to 90% for heifers inseminated with non-sorted 
sperm (Seidel et al.. 1999b). A method for sorting X- and Y-chromosomc-bearing sperma- 
tozoa has been developed in the horse, but only limited trials have been conducted to deter- 
mine the fertility of sex-sorted sperm. The first reported pregnancy from flow-sorted stallion 
spermatozoa was produced by surgical oviductal insemination (Schmid et al., 2000). Subse- 
quently, Buchanan et al. (2000) reported a 40% pregnancy rate when 25 million flow-sorted 
spermatozoa were deposited deep into the uterine horn. 

Development of techniques for insemination of low numbers of both sex-s(»ted and 
non-sorted frozen-thawed stallion spermatozoa is of major interest This is particularly true 
for stallions with a limited inventory of frozen semen, for stallions that are dead, or no longer 
capable of producing fertile sperm, and for those stallions that have poor semen quality 
after cryopreservation. This report summarizes several studies on pregnancy rates of mares 
inseminated with low numbers of either non-sorted or sex-sorted fresh or frozen-thawed 
spermatozoa inseminated by deep uterine insemination using a flexible catheter or by use 
of a videoendoscope. 



2. Low-dose, non-sorted sperm 

Maximum fertility has been achieved in mares widi the insemination of 500 million 
progressively motile spermatozoa (Pickett and Voss, 1975). Under ideal conditions with 
certain highly fertile stallions, fertility remained unchanged when the insemination dose 
was lowered to 100 million progressively motile fresh spermatozoa. However, when the 
spermatozoal numbers were reduced to 50 million progressively motile fresh spermatozoa, 
fertility was lowered (Householder et al., 1981). 

One method that has been used to achieve acceptable fertility rates with reduced speim 
numbers is oviductal insemination. Maxwell et al. (1993), using a laparoscopic method, 
achieved higher pregnancy rates with oviductal insemination (61%) compared to intrauter- 
ine insemination (39%) in sheep. A similar procedure has produced viable ]H«gnancies 
in humans (Berger, 1987) and swine (Morcom and Dukelow, 1980). When attempted in 
horses, McCue et al. (2000) found no difference between traditional artificial insemination 
of 500 million progressively motile spermatozoa placed in the uterine horn versus 50,000 
progressively motile spermatozoa deposited via surgical oviductal inseminatioa Recently, 
Coutinho da Silva et al. (2001) transferred oocytes into the oviducts of recipient mares and 
either placed semen in the oviduct simultaneously or inseminated the mares. They found 
no difference in pregnancy rates between mares in which 200,000 sperms were insemi- 
nated into the oviduct versus those in which 500 million spermatozoa were inseminated 
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into the uterine body. Unfortunately, oviductal insemination is not a practical method of 
insemination aixi thus a less invasive method is preferable. 

Several studies have examined the possibility of using a videoendoscope to deposit sper- 
matozoa on and around the uterotubal papilla. The uterotubal papilla has been suggested 
to be an important site for preovulatory sperm storage. In a recent study, Scott al. (2000) 
found spermatozoa on the uterine side of the uterotubal junction in various glands and crypts 
in artificially inseminated mares. Manning et al. (1998) reported a non-surgical method in 
which the inseminate was deposited through the orifice of the uterombal papilla widi the 
aid of a videoendoscope. These researchers achieved a pregnancy rate of 22% (2 out of 
9) afto- deposition of 1 million progressively motile spermatozoa. In the same study, no 
pregnancy was reported (n = 10) following inseminadon of 10 million spermatozoa in die 
same maimer. The poor results in this smdy were attributed to the difficulty in attempting 
to cannulate the uterotubal papilla. Vazquez et al. (1998) also used hysteroscopic insemina- 
tion to deposit 3.8 million progressively modie spermatozoa on the uterotubal papilla and 
achieved a pregnancy rate of 30% (3 out of 10). 

Morris et al. (2000) evaluated the fertility of mares inseminated hysteroscopicaUy widi 
various numbers of progressively motile spermatozoa. They extended spermatozoa with a 
skimmilk-based extender and layered the extended semen onto a 90:45 PercoU discondnu- 
ous density gradient The sperm suspension was centriftiged through the PercoU layers for 
5min at 200 g and subsequently for lOmin at 800 g. Insemination doses of 10, 5, 1, OJ, 
0.1 or 0.001 million motile spermatozoa were compared. The pre-determined insemination 
dose of motile spermatozoa, suspended in 30 to 150 |ii of Tyrode's medium, was aspirated 
into an equine GIFT catheter. The loaded catheter was drawn into an outer polypropylene 
cannula and passed dirough the working channel of a Pentax EPN 3000 videoendoscope. 
The videoendoscope was guided through the cervix and propelled forward through the 
uterine lumen of die estrous marc as described by Bracher and Allen (1992). Under visual 
control, the endoscope was directed along the uterine horn ipsilateral to the ovary contain- 
ing the preovulatory follicle. When the tip of die endoscope came to widiin 3-5 cm of die 
papilla of die uterotubal junction, first die outer cannula and dien die inner GIFT cadieter 
containing die sperm suspension was extruded from die working chaimel until die tip of 
die GIFT catheter touchoi die papilla. The plunger of die syringe was dien depressed to 
deposit die small volume of inseminate onto die papilla. Pregnancy rates for diose insemi- 
nated widi 10, 5 and 1 million spermatozoa were 60, 75 and 64%, respectively. Pregnancy 
rates decreased dramatically when sperm numbers were less than 1 million progressively 
motile spermatozoa. These audiors concluded diat die higher pregnancy rates obtained in 
dicir snuiy, compared to diose of Manning et al. (1998) and Vazquez et al. (1998), may be 
attributed not only to die use of Percoll gradient centrifiigation to remove seminal plasma, 
but also to die small volume of inseminate used. 

Anodier method used to achieve pregnancies widi suboptimal numbers of spermatozoa 
is insemination of spermatozoa near die tip of die uterine hom ipsilateral to die ovary con- 
taining die dominant follicle. Buchanan et al. (2000) compared pregnancy rates in mares 
inseminated on a single occasion close to ovulation with 5, 25 or 500 million progressively 
motile spermatozoa (Table 1). Mares were assigned to one of three treatments. (1) Mares 
were inseminated with 500 million progressively motile spermatozoa deposited into the 
uterine body using a flexible plastic Al pipette. (2) Marcs were inseminated widi 25 million 
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progressively motile spermatozoa in 1 ml of dried skimmilk extender (E-Z Mixin CST®. 
Animal Reproduction Systems. Chino, CA, USA). Semen was deposited at the tip of the 
uterine horn ipsilateral to the preovulatory follicle using a flexible plastic AI pipette. Loca- 
tion of the pipette within the uterus was confirmed by transrectal ultrasonography. (3) Mares 
were inseminated with 5 million progressively motile spermatozoa in either 1 ml of dried 
skimmilk extender or 0.2 ml of dried skimmilk extender. Mares were inseminated as per 
treatment 2. More (P < 0.05) mares became pregnant when inseminated widi 500 million 
(18 of 29, 90%) than with 25 million (12 of 21, 57%) progressively motile spermatozoa, 
but pregnancy rates were similar for mares inseminated with 25 million versus 5 million 
(7 of 20, 35%) progressively motile spermatozoa. In a similar study (Woods et al., 2000), 
identical sperm numbers (25 million spermatozoa) were deposited into the uterine body or 
in the uterine horn. Pregnancy rates were not altered by deep uterine horn insemination. 

A further study was completed to compare pregnancy rates when sperms were deposited 
either deep witiiin the uterine horn using the flexible AI pipette or on and around the utero- 
tubal papilla by use of a videoendoscopc (Rigby et al., 2001). All inseminations consisted 
of 5 million sperms from a single, hi^ly fertile stallion that had been cooled and stored 
for 24 h. No differences in pregnancy rates were found between die pipette technique (10 
of 20, 50%) and die videoendoscopic insemination method (13 of 21, 62%; P > 0.05). 

Conflicting data exist regarding die efficacy of deep intrauterine insemination in cattie. 
Comual insemination was shown to be advantageous in heifers by Seidel et al. ( 1997, 1998). 
In contrast, McKenna et al. ( 1990) found no increase in pregnancy rates of dairy catde when 
deep intrauterine insemination was used compared to traditional insemination in the uterine 
body. Additionally, in a review article (Seidel et al., 1999b) that combined insemination 
trials in heifers, no advantage of hom insemination was detected. One reason for conflicting 
data in cattie is technician expertise or error. In cattle, hom insemination is more likely to 
result in intrauterine semen deposition, whereas body insemination may result in at least a 
portion of die semen being deposited mtracervically (Senger et al., 1988). This problem is 
unlikely to be significant in mares due to the difference in insemination technique. Further 
studies are needed in the horse to detemune if depositing low numbers of spermatozoa deep 
into die uterine hom is of advantage to deposition into die uterine body. More than likely 
diis will depend upon the inherent fertility of die stallion. Additional sttidies are required to 
determine if those stallions in which fertility is not maximal may be aided by deep uterine 
insemination. 
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One area of low dose insemination that has received considerable attention in die past 
year is the possibility of inseminating low numbers of &ozen-thawed spermatozoa onto the 
uterombai junction. If this procedure would provide satisfactory pregnancy rates, then the 
numbers of frozen-diawed spermatozoa that are needed for inseminadon could be decreased 
dramatically. This is of extreme interest since it is quite costly to collect and freeze stallion 
spermatozoa. Unfortunately, although there are numerous anecdotal reports of improved 
pregnancy rates with videoendoscopic insemination of frozen-thawed spermatozoa, thoe 
are limited studies available. In a study conducted in our laboratory, pregnancy rates were 
compared for mares inseminated with 5 million non-sorted fresh sperm versus 5 million 
non-sorted, frozen-thawed spormatozoa (Lindsey et al., 2000; Squires et al., 2000). Mares 
weie inseminated a single time using a videoendoscopic insemination method. Four out of 
ten mares (40%) became pregnant when inseminated with non-sorted fipesh spennatozoa 
versus 6 out of 16 mares (38%) inseminated with non-sorted, frozen-thawed spermato- 
zoa. The pregnancy rates were not different between fresh and frozen-thawed spermatozoa. 
Furthermore, the pregnancy rate obtained with only 5 million frozen-thawed spermatozoa 
(38%) was similar to that obtained when 800 million to 1 billion total frozen-thawed sper- 
matozoa are inseminated into the uterine body (Squires et al., 1999). Furthw sttidies are 
needed with larger numbers of mares to determine if the total number of fitjzen-thawed 
spermatozoa can be decreased dramatically by using videoendoscopic insemination onto 
the uterombai junction. 



3. Low dose insemination of sex-sorted sperm 

The ability to pre-select the sex of offspring has tremendous advantages in livestock 
species. The advantages of sex pre-selection in the horse are less evident, but still very 
desirable for most breedws. Johnson et al. (1989) were the first to report a reliable mediod 
to predetermine sex using DNA as a quantitative marker for X- and Y-chromosome-bearing 
spermatozoa and sorting spermatozoa via flow cytometry. The first reported foal produced 
from insemination of sex-sorted sperm was the result of surgical insemination into the 
oviduct of 150.000 sperms (Schmid et al., 2000). Subsequently, Buchanan et al. (2000) 
inseminated mares with sperm that had been sorted into X- and Y-chromosome-bearing 
populations using flow cytometry (Table 2). Marcs from one group were inseminated 
on a single occasion using approximately 25 million live, sorted sperm in 1 ml of E-Z 
Mixin® extender (Animal Reproduction Systems. Chino. CA, USA). Sperms were 
deposited at the dp of the uterine horn ipsilateral to the preovulatory follicle using a 
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* Adapted from Buchanan et al. (2000). 
No significant difference (/> > O.I; fisher's exact test). 
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flesdWe plastic AI pipette. The location of the pipette within the uterus was conlinned 
by transrectal ultrasonography prior to semen deposition. Mares in the second group were 
inseminated as described for the previous group except that 4% egg yolk was added to 
the <skiinmi1V extender. Pregnancy rates at 16 days post-ovulation after insemination of 
sex-sorted spermatozoa were 3 of 10 (33%) for mares inseminated with sorted sperm in 
E-Z Mixin® extender and 5 of 10 (50%) for those inseminated with sorted sperm in E-Z 
Mixin® plus 4% egg yolk. Five out of twenty (25%) marcs remained pregnant at 60 days of 
gestation. 

During the 1999 breeding season, a study was conducted in our laboratory (Lindsey 
et al., 2000) to compare the effectiveness of inseminating 5 million spermatozoa into the 
mare's uterine horn using ultrasound-guided deep uterine insemination or by depositing 
spermatozoa directly onto the papilla of the uterotubal junction by hysteroscopy. A sec- 
ond objective was to compare the ability of non-sorted sperm and flow-sorted sperma- 
tozoa to initiate pregnancy in mares when 5 million sperms were hysteroscopically in- 
seminated. Mares were randomly assigned to one of three treatment groups. (1) Mares 
were inseminated with 5 million motile spermatozoa deep into the uterine horn with the 
aid of a flexible pipette and ultrasonography. (2) Marcs were inseminated with 5 mil- 
lion motile spermatozoa deposited directly onto the uterotubal papilla using a videoen- 
doscope. (3) Marcs were inseminated with 5 million motile flow-sorted spermatozoa us- 
ing a videoendoscope. The procedure for videoendoscopic insemination was identical to 
diat described by Morris et al. (2000). Pregnancy sutus was determined at 16 days post- 
ovulation. 

Hysteroscopic insemination resulted in higher numbers of pregnancies (5 of 10, 50%) 
than did the ultrasound-guided insemination (0 of 10, 0%) when non-sorted sperms were 
inseminated. However, pregnancy rates were similar for mares that were hysteroscopi- 
cally inseminated with sorted (5 of 20, 25%) or non-sorted (5 of 10, 50%) spermato- 
zoa. The fertility rate using ultrasound-guided, deep uterine insemination was different 
ftom that reported by Buchanan et al. (2000) who achieved a 35% pregnancy rate us- 
ing 5 million non-sorted sperm. The reason for this difference was unclear, but may be 
due to the additional processing steps for sperm that occurred in the latter study, or due 
to the use of different stallions or technicians. The similar pregnancy rates for mares 
inseminated with non-sorted and flow-sorted stallion spermatozoa in the present study 
agrees with the results of Buchanan et al. (2000). In cattle (heifers), similar pregnancy 
rates for both non-sorted and sorted sperms were reported recently fix)m large field trials 
(Seideletal., 1999b). 

It was concluded from this study that hysteroscopic insemination is a practical technique 
for insemination of low numbers of flow-sorted stallion spermatozoa. Hysteroscopic insem- 
ination of sperm at the uterotubal junction is a relatively non-invasive method that could be 
easily incorporated into many modem breeding centers. 

The ability to cryopreserve flow-sorted spermatozoa would greatly increase the practi- 
cality of using sex-sorted sperm in the horse industry. Stallion spermatozoa survive only a 
short period of time after sorting. Therefore, mares must be inseminated immediately after 
sperm sorting. However, if sperm could be frozen following sorting, they could be used 
at a future time or different location. Cryopreservation of flow-sorted bull spermatozoa 
has been used extensively Seidel et al. (1999a) reported the pregnancy rates for heifers 
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Piegnancy rates foUowing bystetoscopic inseminatioo of S x lO' motile 6csb or frozea/thawed sex-soited stailion 

lYeatmeu Maies insemiiBted Mam piegnant Pregnancy rale (%)* 

Fresh non-seated 10 

Rreshsex-soited 16 

Frozea/thawed non-sorted 16 

Frozen/tfaawed sex-sorted 15 

* No significant diffeance (/» > 0.0S; x^). 



4 40 
6 37J 

2 133 



inseminated with flow-sorted, frozen-thawed spermatozoa (18 of 35, 51%) to be similar to 
that for those inseminated with frozen-thawed, non-soitcd spennatozoa (27 of 37, 73%). 
Seidel et al. (1999b) also reported that pregnancy rates for heifers inseminated with low 
numbers of sorted, frozen-thawed sperms are generally within 90% of rates obtained with 
non-sorted, frozen-thawed sperm samples containing 7-20 times more spermatozoa per 
insemination. 

A 2 X 2 factorial experiment was conducted to determine the effects of sorted versus 
non-sorted and fresh versus frozen spermatozoa (Lindsey et al., 2000; Table 3). Mares 
were assigned to one of four treatments. Treatment 1 consisted of fresh, nonsorted sperm. 
Treatment 2 consisted of fresh, flow-sorted spermatozoa. Sperms to be sorted were stained 
with Hoechst 33342 and sorted into X- and Y-chromosomc-bearing spennatozoa based on 
DNA content using an SX Mo-Flo sperm sorter (Lindsey, 2000). Treatment 3 consisted of 
frozen-thawed, non-sorted sperm. Treatment 4 consisted of flow-sorted, frozen-thawed sper- 
matozoa. Concentrations of sperm in both cryopreserved treatments were adjusted based 
on pre-determined average post-thaw motilities, so that each insemination consisted of ap- 
proximately 5 million motile spermatozoa. Hysteroscopic insemination of 5 million motile 
spermatozoa in a volume of 230 jtl was used for all treatinents, and pregnancy was deter- 
mined ultrasonographically 16 days post-ovulation. 

There was no difference found in pregnancy rates for marcs inseminated with fresh, 
non-sorted (4 of 10, 40%); fresh, flow-sorted (6 of 16, 37.5%); frozen-thawed, non-sorted 
(6 of 16, 37.5%) and flow-sorted, frozen-thawed spermatozoa (2 of 15, 13.3%; P > 0.05). 
Pregnancy rates tended {P = 0.12) to be lower following insemination of flow-sorted, 
frozen-thawed spermatozoa. Further smdies are needed with a larger number of mares to 
determine if fertility of flow-sorted, fipozen-thawed spermatozoa can be improved. Based on 
the 13% pregnancy rate obtained in this snidy for flow-sorted, frozen-thawed spermatozoa, 
this procedtire cannot be recommended at this time. 

CurrenUy, in the cattle industry, bulls are sent to a centralized facility that has the equip- 
ment and expertise to sort spermatozoa into X- and Y-chromosome-bearing populations 
and tiien freeze the sorted sperm. Unfortunately, our study demonstrated that flow-sorted, 
frozen-thawed equine spermatozoa may provide decreased fertility. 

A possible alternative to freezing sorted stallion sperm is to ship fresh semen to a cen- 
tralized facility, sort the spermatozoa and then inseminate the mares immediately. Shipped 
semen is used routinely in the equine industry, therefore this may provide a more applicable 
use of this technology. A recent study was conducted to compare the fertility of sperms that 
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were flow-sorted immediately following collection to that of spenns that were stored for 
18 hr prior to flow-sorting (Table 4). Treatment 1 consisted of 20 million sperms that had 
been flow-sorted immediately following coUection, using a method similar to that described 
by Lindsey (2000). Treatment 2 consisted of 20 million sperms that had been stored for 
18hr and then sorted by flow-cytometry. Sperm for treatment 2 were stored at a concen- 
tration of 25 million sperm/ml in E-Z Mixin® CST. These samples were stored at 20 °C 
to avoid future complications that occur in the flow-sorting process when chilled semen is 
used. After storage, sperms were processed for flow-sorting, similar to tiie metiiod described 
previously for stallion spermatozoa (Lindsey, 2000). Pregnancy was determined based on 
ultrasound examination on day 16 post-ovulation. 

The results of tiiis study indicate that storage of sperm prior to flow-sorting does not 
alter pregnancy rates. Pregnancy rates were similar for those mares inseminated witii fresh 
flow-soited spermatozoa (6 of 20, 30%) and those inseminated with stored, flow-sorted 
spermatozoa (7 of 20, 35%; P > 0.05). One mare inseminated witii stored, flow-sorted 
spermatozoa ovulated two follicles, and twins were detected upon ultrasound examinatioa 
For our results, this was counted as a single pregnancy. Based on the results of this stiidy, 
semen could be collected on the farm, shipped to a facility for flow sorting and mares 
inseminated with sexed sperm. 



4. Summary 

Past and present research has established reproductive technologies which have become 
an integral part of the global equine industiy. Artificial Insemination and cryopreservation 
of staUion spermatozoa are examples of technologies that have become commercially avail- 
able to horse owners. One recent technology examined is insemination of low numbers of 
spermatozoa per inseminate. The two simplest and most practical procedures appear to be 
deep uterine insenunation and hysteroscopic insemination. These two methods are capable 
of producing similar pregnancy rates from the insemination of low numbers of stallion 
sperm (Rigby et al., 2001). However, in some cases, such as when using highly stressed 
sperm or flow-sorted sperm, an advantage could likely be gained if die insemination is per- 
formed with die aid of a videoendoscope (Lindsey et al., 2000). Other instances in which 
hysteroscopic insemination could be of great value are for the insemination of low numbers 
of frozen-tiiawed sperm; flow-sorted, frozen-thawed; and stored, flow-sorted stallion sperm. 
With the recent development of tiiese low-dose insemination technologies, many options 
become available for the use of existing inventories of frozen semen, as well as for die use 
of flow-sorted stallion spermatozoa. 
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PRODUCTION OF LAMBS BY LOW DOSE INTRAUTERINE INSEMINATION WITH 
FLOW CYTOMETRICALLY SORTED AND UNSORTED SEMEN 
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' P.J. Broadbent" and J.J. Robinson" 



'Mastercaif, Craibstone, Bucksbum, Aberdeen, AB21 9TN, UK 
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Lambs of predetermined sex have not been produced except for one by ICSI (Catt et al., 
13th ICAR 3:24-4, 1996). Low speim sort rates (up to 1 x 10* per h) and sub-optimal timing 
of insemination relative to ovulation (Maxwell et al., Reprod. Pert Dev. 5:57-63, 1993) are 
major limiting factors. 

Ir Februar- 1996, towards the e::iu c jeasona" 3Strus at latitude 57°N, 2 td'ils were 
undertaken. Semen from a single Suffolk, rair wcs coliecred and diluted. 1:1 in Zorpv^. 
extender until used. Sperm were sorted using a Becton Dickinson FACStar Plus flov. 
cytometer/cell sorter with a forward fluorescence detector, bevelled sample mjection needle, 
and UV laser output of 175 MW. Sperm were sorted at approximately 0.9 x 10* per h for X 
and 0.5 x 10* per h for Y into Zorpva containing 20% egg yolk. Sorted sperm, and similar 
numbers of untreated sperm, were stored at room temperature undl used. Ewes were 
synchronised for estrus by 12 d progestogen priming (30 mg Chronogest; Intervet, UK) 
followed by 400 lU PMSG (Intervet, UK) administered im at progestogen withdrawal. 

In trial 1, 30 Bluefaced Leicester x Scottish Blackface ewes were inseminated between 
51.5 and 53.0 h after progestogen withdrawal using sperm from a single semen collection 
made 2.5 h prior to the start of Al. In the second trial, 60 Scottish Blackface ewes were used; 
semen was collected twice, 8.5 and 1.5 h before Al commenced; and inseminations carried 
out between 53.5 and 56.5 h after progestogen withdrawal. All inseminations were by 
laparoscopic intrauterine Al and approximately 100,000 spermatozoa, sorted or unsorted, in 
0.1 ml mediirai were deposited at the tip of each uterine horn. Care was taken to direct the tip 
of the glass inseminating pipette towards the utero-tubal junction at semen delivery. 

In trial 1, none of the 18 ewes inseminated with X sperm lambed; but 5/12 inseminated 
with unsorted sperm produced 1 female and 6 male lambs. In trial 2, none of 5 ewes 
inseminated with Y sperm lambed; 4/25 insemuiated with X sperm, and 2/30 inseminated 
with unsorted sperm lambed. The 4 ewes which received X sperm produced a total of 6 
normal female lambs at term. The 2 ewes lambing after Al with unsorted semen each 
produced a single female lamb. All 6 pregnancies occurred in ewes inseminated towards the 
end of the insemination period, i.e. 55 to 56 h after progestogen withdrawal. Semen collected 
8.5 h before insemination resulted in 2 pregnancies whereas that collected 1.5 h before Al 
produced 4 pregnancies. 

The pregnancy rates achieved were low probably due to a combination of factors including 
the delay between semen collection and insemination, asynchrony between insemination and 
ovulation, semen dose, and the onset of seasonal anestrus. These trials, however, have 
demonstrated, for the first time, that pregnancy in sheep can be established and lambs of 
predetermined sex obtained by the deposition of a low dose of sorted semen close to the 
utero-mbal junction of the ewe. 
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PREGNANCY RATES IN MARES FOLLOWING A SINGLE INSEMINATION WITH A 
LOW NUMBER OF SPERMATOZOA INTO TIIE TIP OF THE LTERINE HORN 



B R. Buchanan,' P.M.McCue.' E.L.Squires,' G.E.Seidel Jr,' and JJ.Fleury^ 
'Animal Reproduction and Biotechnology Laboratory, Colorado Slate University, Fort CoHins, 
CO. 80523 USA 

'Faculdade de Medicina Vcterinaria Octavio Bastos-Sao Paulo-Brazil 



Insemination with a low number of spermatozoa is necessary when semen is limited or 
when using sorted sexed semen. Therefore, a study was done to compare pregnancy rates of 
mares inseminated on a single occasion with 500, 25, or 5 x 10* progressively motile 
spermatozoa from 1 of 2 stallions. Sixty-one marcs were randomly assigned to 1 of 3 treatments: 
Group 1 (n=20) were inscrainalcd into the uterine body with 500 x 10* sperm (controls). Group 2 
(n=2l) and group 3 (n=20) were inseminated in the tip of the uterine hom ipsilateral to the 
preovulatory follicle with 25 or 5 x 10* sperm, respectively. Marcs were adnunistered 
cloprosienol (250>ig i.m.) to induce luteolysis and monitored by ultrasonography every other day 
until a follicle SJOnun was detected, and then daily until ovulation was detected. GnRH 
(deslorelin 2.2 mg, Ovuplant* Fort Dodge, lA) was administered when the dominant follicle 
was S35min. Mares were inseminated 34 (n=29) or 40 hours (n=32) after GoRH. Data fiom 22 
mare cycles were excluded because they cither ovulated prior to plaimcd insemination (n=Il), 
did not ovulate {n=3), or ovulated > 4 days after GnRH administration (n=8). Semen was 
collected and immediately diluted with a skim milk extender (EZ-Mixin, OF, Animal 
Reproduction Systems, Chino, CA) to either 25 x 10* or 5 x 10* motile sperm/ml. Mares were 
inseminated as described in Table 1. Marcs receiving 1 ml were inseminated with a flexible 
plastic artificial insemination pipette (IMV. France), while marcs receiving 0.2 ml were 
inseminated using a disposable implant gun (Veterinary Concepts. Green Valley. WI) containing 
a 0.5 ml straw. Different insemination pipettes were used to optimize delivery of the two 
different volumes. The location of pipettes within the uterus was confirmed by transrectal 
ultrasonography prior to semen deposition. 

Pregnancy was determined by ultrasonography at 16 days after ovulation. Pregnancy 
rales were not different between stallions (P>0.05), so results from the two stallions were 
combined (Table 1). There was no difference in pregnancy rates between mares bred 34 vs. 40 
hours after GnRH administration 19/29 (65%) and 18/32 (56%), respectively (P>0.1). Pregnancy 
rates decreased as the number of motile spermatozoa inseminated decreased. Breeding mares 
with 25 X 10* progressively motile sperm into the tip of the uterine hom resulted in a pregnancy 
rate of 57%. 



Table 1 . Day 16 Pregnancy Rates from a Single Insemination 



No. of Motile Sperm 


No. Pregnant/No. Bred 


% Pregnant 


500 X 10* in 20 ml 


18/20 


(90%)" 


25x10* in I ml 


12/21 


(57%)** 


5 X 10* in 1 ml 


3/10 


(30%)'' * 


5x 10* in 0.2 nU 


4/1 U 


(40%)" 



Values with different superscripts differ (P<0.05). 
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HysterosGopic insemination of low numbe^rs of flow sorted 
fresh and frozen/thawed stallion spermatozoa 
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